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HtTRODUCTIOE" 
The use of leguminous green manures for increasing crop 
yields is one of the oldest crop production practices. Green 
manuring played an important role in the agriculture of Greece 
and Rome, and as early as the fifth century B. C., its value 
was recognized in China (86). During the Middle Ages, inter­
est in green manuring declined, "but a revival of enthusiasm 
took place in the nineteenth century, especially in America 
and Northern Europe. 
In recent years with inexpensive commercial nitrogen 
available, the use of leguminous crops solely as nitrogen 
sources on level productive soils has been questioned by many 
fanners and agronomists. In areas where soybeans are grown 
extensively for grain, the problem of the relative value of 
legume and fertilizer nitrogen perhaps becomes more acute, 
since the soybean crop often contributes a positive effect on 
the yields of following crops. 
Although much information has been accumulated concerning 
the dry matter and nitrogen yields of legumes in the fall of 
the seeding year, little is known about the comparative value 
of legumes grown in association relative to their performance 
when grown alone. 
This study was initiated, therefore, to compare the 
quantitative growth characteristics of Indian, African and 
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Ranger alfalfas (Medicago sativa), Madrid sweetclover 
(Melilotus officinalis), Kenland red clover (Trifolium 
pratense) and Ladino white clover (Trifolium repens) grown 
alone and in various associations. 
Specific objectives were to determine dry matter and 
nitrogen yields of legumes and legume associations in the 
fall of the seeding year and to evaluate possible competitive 
relationships within legume associations. Com response ex­
periments were employed to measure the effect of various 
legumes and legume associations on grain yield and to compare 
the response obtained with that produced by inorganic nitrogen 
fertilizer. 
Because first year stands of new seedings often are sub­
ject to severe weed infestations an additional field experi­
ment was established to evaluate the influence of various 
stubble clipping treatments on dry matter and nitrogen produc­
tion of legume crops. 
The release of available nitrogen during the decomposi­
tion of legume tops and roots has an important bearing on 
their value to succeeding crops in the rotation. A study was 
made in the laboratory to measure the influence of species, 
plant parts and particle sizes on nitrate release from legume 
residues during incubation. 
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REVIEW OF PERTINENT LITERATURE 
Since green manuring is one of the oldest and most widely 
used agricultural practices, a great volume of literature per­
taining to it has accumulated. Therefore, in this review, 
only those results will be included which are closely related 
to the use of legumes as green manures and the various aspects 
of subsequent crop response. 
The. general aspects of green manuring have been reviewed 
by Pieters (85, 86), Pieters and McKee (8?), Joffe (55), 
Rogers and Giddens (95), Harmsen and van Schreuen (lj.6), and by 
Fribourg (36). To facilitate an orderly presentation, this 
review will be divided into three sections, namely, dry matter 
and nitrogen yields, crop response and decomposition and 
stubble management of green manure seedings. 
Dry Matter and Nitrogen Yields 
One of the earlier attempts to evaluate the nitrogen 
yields of legume tops and roots was reported in 1897 by 
Roberts and Clinton (9lj-). When seeded in New York in August 
and harvested in November of the next year, crimson clover 
contained 125 pounds of nitrogen per acre in the tops and 31 
pounds in the roots, medium red clover 63 pounds in the tops 
and ij.0 pounds in the roots and mammoth red clover 68 pounds 
of nitrogen per acre in the tops and 78 pounds in the roots. 
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Duggar (30), working in Alabama, compared crimson clover and 
hairy vetch in terms of dry matter and nitrogen yields of tops 
and roots. Inoculated vetch yielded 3049 pounds of tops and 
1452 pounds of roots (upper six inches) per acre, which con­
tained 86 and 20 pounds of nitrogen per acre, respectively. 
Crimson clover produced 4840 pounds of dry matter per acre 
in the tops and 1452 in the roots, which corresponded to nitro­
gen yields of 120 and 24 pounds per acre. Similar results 
were reported by Penny (83) in Delaware where total nitrogen 
yields of crimson clover reached 188 pounds per acre. 
Perhaps one of the most important contributions to green 
manuring research was that of Willard (122) who compared _ 
annual and biennial sweetclovers, alfalfa, red clover and 
alsike clover as to nitrogen percentage, dry matter and nitro­
gen yields of tops and roots. When harvested in the fall of 
the seeding year, biennial white sweetclover produced a ton 
of dry matter each in the tops and roots. Biennial yellow 
sweetclover yielded about l800 pounds of tops and 3000 pounds 
of roots per acre, while alfalfa produced 1700 pounds of tops 
and 1400 pounds of roots per acre. Red clover and alsike 
clover each yielded about a ton of tops and a quarter ton of 
roots. Hub am sweetclover produced more top growth, but less 
root growth than the biennial types. In terms of total 
nitrogen yields, biennial white and biennial yellow sweet­
clover each yielded about 135 pounds of nitrogen per acre, 
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compared with 78 for alfalfa, 69 for red clover, 75 for alsike 
clover and 8I4. pounds for Hubam. 
In Washington, Hawk (48) reported nitrogen yields of 63 
pounds per acre in the tops and 77 pounds in the roots from 
undipped biennial sweetclover. 
In a comparison of Hubam and biennial sweetclover, Wil-
lard and Thatcher (125) found that dry matter yields of tops 
were similar but root yields were greatly different. Biennial 
white yielded nearly 1900 pounds of roots per acre containing 
over three percent nitrogen, while Hubam produced only 260 
pounds of roots containing less than one percent nitrogen. 
Metzger (74) found dry matter yields of tops of Hubam to be 
inferior to those of biennial white sweetclover under Maryland 
conditions. 
Amy and McG-innis (10) studied the relative value of 
annual and biennial sweetclover s for green manuring purposes 
at four locations in Minnesota* When sampled to a depth of 
12 inches, it was found that root yields of Hubam were infe­
rior to those of the biennial types. Total dry matter and 
nitrogen yields were considerably in favor of the biennial 
types. As noted by Willard and Thatcher (125) the nitrogen 
percentage of Hubam roots was much lower than that of the 
biennial types. Recent findings in Nebraska reported by 
Pumphrey and Koehler (91) confirm earlier results pertaining 
to the relative value of annual and biennial sweetclover. 
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These workers compared Spanish, Evergreen, Madrid, Common 
White and Hubam sweetclover for forage and root yields. 
Hubam exceeded all other varieties in yield of tops, but due 
to a lower nitrogen percentage, nitrogen yields were not 
superior. Root yields of Hubam were much lower than those of 
the biennial varieties. 
An instance in which Hubam compared favorably with bi­
ennial sweetclover was reported by Wilkins (120) in.1922. 
Working in Iowa, he found biennial sweetclover to contain 
140 pounds of nitrogen per acre in the tops plus roots, while 
the corresponding value of Hubam was 133 pounds. - The total 
nitrogen yield of red clover was 78 pounds per acre. 
In Illinois, Snider and He in (103) noted that maximum 
root development of biennial sweetclover was obtained during 
the fall of the seeding year as previously indicated by 
Willard (122), and that the largest bulk of roots was found 
in the top seven inches of soil. The mean two-year nitrogen 
yield for tops plus roots exceeded 200 pounds per acre. In a 
later experiment (102), these workers showed that proper 
fertilizer and lime treatments greatly increased total nitro­
gen yields of biennial sweetclover. Davis and Turk (26) also 
have shown that application of potassium, phosphorus and lime 
increased top and root yields of alfalfa and sweetclover in 
Michigan. 
More recently, Snider (101) has reported on results in 
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Illinois where sweetclover was sampled to a depth of lj.0 inches 
in the fall of the seeding year. Dry matter yields of tops 
and roots in September were about 2100 and llj.00 pounds per 
acre, respectively. Corresponding nitrogen yield values were 
70 and $0 pounds per acre. When harvested in early November, 
dry matter yields of tops were approximately 21^ 00 pounds per 
acre and root yields were 34-00 pounds per acre. Nitrogen 
yields were 50 and 167 pounds per acre for the tops and roots, 
respectively. Whiting and Richmond (115) have shown that 
sweetclover roots may comprise nearly two-thirds of the total 
plant weight in late fall of the s eeding year. 
At the Crookston Station in Minnesota, Dunham (33) found 
that October top plus root yields of biennial sweetclover 
seeded alone were two to four times greater than where a 
wheat, barley, or oats companion crop was used. Total dry 
matter yields exceeding ^ 000 pounds per acre were obtained. 
In conjunction with various types of experiments, workers 
have reported the relative proportion of legume tops and roots 
in the total plant weight. For example, Greaves and Jones (10, 
in greenhouse studies, noted that lj.0 percent of the total 
nitrogen in alfalfa plants was contained in the roots, while 
with red clover the corresponding value was 16 percent. Also 
under greenhouse conditions, Brown and Stallings (19) found 
that about 50 percent of the total dry matter and lj.6 percent 
of the total nitrogen of alfalfa was found in the roots. With 
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red clover, 36 percent of the total dry matter and 27 percent 
of the total nitrogen was found in the roots. In field 
studies in Alabama, Andrews (8) found that the roots made up 
about one-third of the total vetch plant. 
"Whiting and Richmond (117) further divided the plant 
parts into leaves, stems and roots. With biennial sweet­
clover, roots were found to contain 60 percent of the total 
dry matter and 66 percent of the total nitrogen, stems con­
tained 23 percent of the total dry matter and 12 percent of 
the total nitrogen and the corresponding values for the 
leaves were 16 and 21 percent. 
In Nebraska, without using a companion crop, Alway and 
Bishop (6) obtained red clover nitrogen yields of 177 pounds 
per acre in the fall of the seeding year, of which 136 pounds 
were in the tops. 
On heavy soils in Michigan, Davis (25) found total 
nitrogen yields from spring harvested sweetclover of 90 pounds 
per acre, of which only 22 pounds were in the roots. The high 
ratio of nitrogen in the tops to that in the roots was ex­
plained by translocation of root reserves into the tops early 
in the spring. 
Lamba et al. (62) determined root yields of alfalfa and 
red clover in the upper 16 inches of soil at two locations in 
Wisconsin. On Miami silt loam, yields of alfalfa were about 
two tons per acre, while red clover yielded approximately one 
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ton. On Spencer silt loam, alfalfa root yields were approxi­
mately three-quarter tons per acre and red clover yields were 
Tless than one-half ton per acre. At both locations, and with 
both crops, most of the root development was in the upper 
eight inches of soil. 
Working in Minnesota, Baker et al.(12) found total dry 
matter yields of red clover, alfalfa, biennial sweetclover 
and Hubam to be on the order of 12D0, 1000, 1700, and l600 
pounds per acre, respectively. Hubam produced the lowest 
root yields, but its yield of tops was the highest of all four 
legumes. 
Fribourg and Johnson (38) recently reported the dry 
matter and nitrogen yields of several legumes grown at four 
locations , in Iowa. Roots were sampled to a maximum depth of 
two and one-half feet. Where good stands were obtained, 
total nitrogen yields of Madrid sweetclover ranged from 135 
to 150 pounds per acre as compared with 60 to 120 pounds for 
alfalfa, 50 to 110 pounds for Ladino white clover and 35 to 
80 pounds per acre for medium red clover. In general, Hubam 
sweetclover produced the lowest yields. The interaction be­
tween legumes, and locations was highly significant. Nitrogen 
percentage of the tops or roots of the different species did 
not vary significantly over locations and years. Recent work 
in Nebraska (61) revealed total nitrogen yields of 87 and 69 
pounds for African and Ranger alfalfa, respectively. The 
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total nitrogen yield of Madrid sweetclover was l8l pounds com­
pared with 52 pounds for Hubam. 
Very limited research has been reported on the competi­
tive relationships between species used in mixtures for green 
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manuring purposes. Aberg _et al. (1), in a space-planted field 
experiment, found individual plant weights of sweetclover to 
be less when grown with red clover than when grown alone. Al­
though red clover plants weighed significantly more when grown 
with sweetclover than when grown alone, the net gain for the 
association was small and non-significant. These results, 
though not directly applicable to broadcast plantings, suggest 
that significant competitive relationships may exist between 
legume species grown in a mixture. 
In summary, it is evident that dry matter and nitrogen 
yields of various legumes when harvested in the fall of the 
seeding year vary with the species, with climatic and edaphic 
conditions and with methods of sampling. In general, biennial 
sweetclover contained as much as 150 to 175 pounds of nitrogen 
per acre, while nitrogen yields of Hubam were much less. Al­
falfa produced nitrogen yields from 60 to 100 pounds per acre, 
while red clover and Ladino clover yields usually were from 
i{.0 to 80 pounds per acre. 
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Crop Response and Decomposition 
The primary objective of green manuring is to increase 
the yield of subsequent crops. In assessing the value of 
legume green manures certain difficulties arise. In many 
instances, data on crop response are reported, but the amount 
of nitrogen in the legume plowed under was not shown. Fur­
thermore, as pointed out by Ensminger and Pearson (35), com­
parisons between legume and fertilizer nitrogen are difficult 
to make in many experiments because the amount of legume 
nitrogen turned under was greater than the quantity of fer­
tilizer nitrogen applied. Frequently only one or two rates 
of fertilizer nitrogen were used. The amount of nitrogen 
actually fixed by the legume green manure is always an un­
known, even though assumptions are sometimes made. Also, of 
importance in evaluating the response of green manure nitrogen 
is the "kerosene effect", whereby the addition of readily 
decomposable organic matter accelerates the decomposition of 
the native soil organic matter (17, 18, !{!(-). 
After summarizing 13 years work, Lipman and Blair (65) 
found that average dry matter yields and nitrogen uptake of 
response crops was greater after a vetch-red clover green 
manure than from l60 pounds of sodium nitrate. As indicated 
earlier, such results have limited meaning, since only one 
rate of inorganic nitrogen was used. 
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Coleman (21) found the value of nitrogen from an acre of 
winter legumes on the major soil types in Mississippi to 
approximate that of 21}. pounds of inorganic nitrogen for cotton 
production and from 2i|_ to 32 pounds for corn production. 
Hoover (53), also working in Mississippi, concluded that a 
vetch green manure crop was equivalent to applying 36 pounds 
of commercial nitrogen for cotton production, while Andrews 
(8) showed that corn yields could be increased from 16 to 33 
bushels per acre by using vetch as a green manure. 
Whiting and Richmond (118) have shown that large amounts 
of nitrate nitrogen are liberated when sweetclover is turned 
under as a green manure. In a later publication (116) these 
workers concluded that spring plowing would allow maximum 
accumulation of organic matter, but fall plowing resulted in 
earlier accumulation of nitrates for the following crop. As 
much as 100 pounds of nitrate nitrogen per acre were found in 
the surface soil in the presence of a young com crop. Lyon 
et al. (69) and Reynolds and Smith (93) also have noted 
nitrate accumulation in soils following the growth of legumes 
while Moser (77) found crimson clover and lespedeza residues 
effective in increasing soil organic matter and nitrates in 
the Piedmont. Similar results were reported by Singh e_t al. 
(97) in India. 
After six years'work in California, Mertz (73) showed 
legume green manures produced 38 percent larger yields of 
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response crops than non-leguminous green manures. When red 
clover was used as a green manure catch crop in winter wheat, 
Lyon (68) found similar relative responses in the following 
com and wheat crops in terms of grain and roughage produc­
tion. 
After comparing summer legumes, winter legumes and 
sodium nitrate as nitrogen sources in lysimeters, Jones (57) 
concluded that for any one soil type yields of the sudangrass 
response crop were directly related to the amount of added 
nitrogen that was not leached. Recoveries of added nitrogen 
were somewhat low, ranging from 25 percent for sodium nitrate 
to 60 percent for vetch. However, when the nitrogen in the 
leachate was considered, recovery values were somewhat higher. 
In England, Crowther and Mirchandani (22) suggested that the 
failure of winter wheat to respond to vetch green manure on 
sandy soils was due to excessive leaching losses. 
After considering 20 years of data, Mooers (76) showed 
that about one-third of the nitrogen from cowpeas was recov­
ered by following wheat crops. Removal of cowpea tops de­
creased yield responses and increased the loss of soil organic 
matter. Leonard and Reed (63) compared sane nodule foaming 
and non-nodule foinning legumes for green manuring purposes 
and noted severe nitrogen deficiency in the oats response 
crop following the non-nodule forming green manures. The 
nitrogen nutrition of oats following the nodule formers was 
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considered adequate. 
On some of the heavy soils in Michigan (25), the use of 
sweetclover as a green manure gave significant yield responses 
in various crops and a distinct residual effect was noted two 
years after plow-down. Later Michigan work (43) has shown 
significant yield increases from sweetclover grown every two 
years in 8 of 17 years. 
In the lower Yakima Valley, Holtz and Singleton (52) 
found that although soil on which sweetclover was grown had 
greater carbon dioxide and nitrate production, corn yields 
following alfalfa were much higher. In an Iowa experiment 
reported by Johnson et al. (56), biennial sweetclover, Hubam 
sweetclover and red clover when grown in a corn-oats rotation 
produced a mean response of 7, 4» and 3 bushels of com per 
acre over a. 16 year period, respectively. 
Obenshain and G-ish (80) compared various leguminous green 
manures with 100 pounds of sodium nitrate per acre for com 
production in Virginia. Over an eight-year period, the sodium 
nitrate treatment resulted in a l4~bushel response, while 
sweetclover, red clover, vetch and crimson clover gave yield 
responses of 7, 14» 17, and 15 bushels of com per acre, 
respectively. Soil from plots without legumes was found to 
have the lowest carbon and nitrogen percentages. 
In New Jersey, Blair and Prince (15) found 70 pounds of 
nitrogen per acre from a soybean green manure to produce 21 
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bushels of wheat per acre over lij. years, while l60 pounds of 
sodium nitrate containing approximately 26 pounds of nitrogen 
produced a mean yield of 23 bushels per acre. With rye as 
the response crop, sodium nitrate effected an average yield of 
25 bushels but green manuring resulted in a mean yield of 19 
bushels per acre. 
In Texas (92), corn yields of 63 bushels per acre were 
obtained following Madrid sweetclover and 55 bushels after 
Hubam sweetclover in comparison with lj.8 bushels without a 
green manure. The results of Plice (90) in Oklahoma indi­
cated little effect of green manures on various crops, with 
oats yields being significantly reduced, probably because of 
limited supplies of available soil moisture. Likewise, App 
et al. (9) have cautioned that leguminous nitrogen sources 
may stimulate corn growth to a greater extent than fertilizer 
nitrogen, but final yields may be lower because of soil water 
usage by the legume. On a reddish prairie soil in Oklahoma, 
Harper and Gray (2j-7) found a mean response from various green 
manures of 2 bushels of corn and 11 bushels of oats per acre 
over a period of 2l|_ years. Hobbs (5Ï), using Kansas crop 
rotation data, has shown by regression analysis a significant 
effect of green manuring on crop yields over a period of 
years. The importance of soil moisture depletion by legumes 
and its effect on the following crops was noted. Other re­
sults obtained in Kansas (2li) have shown sweetclover to 
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depress yields of the oat companion crop in some instances. 
Average crop response from green manuring was 21}. percent, 
ranging from 6 percent for oats to 3h percent with corn. 
In Ohio, Williams (126) has reported com yield responses 
of 5, 10, and 18 bushels per acre from the inclusion of mam­
moth red clover, medium red clover and biennial sweetclover, 
respectively, in a corn-oats rotation over a six-year period. 
During a 2ij.-year period at the Sanborn field in Missouri, 
Smith (99) reported an lô-bushel com response following 
sweetclover green manure. At another location in Missouri 
com yields were increased from lj.2 to 56 bushels per acre 
by inclusion of sweetclover in the rotation, with soil or­
ganic matter, exchange capacity and soil nitrogen being in­
creased over a ten-year period. In contrast, Karraker (58) 
and Doll and Link (28) found no changes in soil nitrogen or 
organic matter when legumes were used in long-time rotations. 
In Ohio, Haynes and Thatcher (50 ), after considering 39 years 
of data, have concluded that higher soil nitrogen and higher 
yields may be expected where two years of legumes are included 
in the rotation than with a sweetclover green manure program. 
Little residual effect was noted with green manure, but a 
strong second-year residual effect existed where two hay crops 
were used. Similar results have been reported by Artdharia et 
al. (7) for rotation studies in Southwest Iowa. Likewise, 
Tyner et al. (108) found the leaf nitrogen percentage and com 
17 
yields following lay legumes to be greater than after catch 
legumes in Illinois and suggested that yield differences were 
due to relative rates of nitrate release, particularly during 
grain formation. 
Davis and Turk (26) found sweetclover superior to alfalfa 
as a green manure in greenhouse studies because of higher 
nitrogen percentage and more rapid decomposition. Fribourg 
and Bartholomew (37) compared the availability of nitrogen 
from alfalfa and red clover tops applied at four rates with 
the availability of nitrogen from ammonium nitrate. By using 
the Mitscherlich equation, the calculated mean efficiency for 
alfalfa and red clover was 3k- and 10 percent, respectively, 
the year of application. After conducting green manure and 
crop response experiments in Iowa, Fribourg (36) concluded 
that leguminous nitrogen was 65 to 85 percent as efficient as 
ammonium nitrate for increasing corn yields. 
Kroontje and Kehr (61) found Nebraska barley fields fol­
lowing various alfalfa varieties as green manures were quite 
similar, while Madrid sweetclover depressed yields, probably 
because of reduced soil moisture availability. Yields follow­
ing vetch closely approximated those where 120 pounds of am­
monium nitrate were applied. 
Several investigators have studied the decomposition of 
legume plant parts. Spaulding and Eisenmenger ( 10i{_) have 
shown that the nitrogen percentage of the residue largely 
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determines the speed of decomposition as measured by nitrate 
production. In their work, alfalfa tops decomposed much 
faster than did red clover or sweetclover tops. Martin (70) 
and Maynard (72) suggested that age and succulence of the 
material are important, but nitrogen percentage probably was 
the key factor, since young tissue is generally relatively 
high in nitrogen percentage. In other work, Martin (71) found 
that ground alfalfa roots containing 1.6 percent nitrogen de­
composed more rapidly than sweetclover roots containing 0.87 
percent nitrogen. Maynard (72) found ground sweetclover roots 
to be 50 percent decomposed in four months, while Doughty (29) 
concluded that alfalfa roots containing about 2.0 percent 
nitrogen would be 70 percent decomposed in four and one-half 
months. 
TI 
As a result of field and greenhouse experiments, Lohnis 
(66) concluded in 1926 that the nitrogen availability of vari­
ous green manures can be expected to greatly vary. In general* 
small amounts of young material gave higher recoveries than 
large amounts of older material. Total recovery over ten 
response crops was 50 to 80 percent of the added nitrogen. 
Since recoveries in excess of 100 percent were obtained in 
n 
some cases, Lohnis suggested that green manures may accelerate 
the breakdown of native soil humus. 
Whiting and Schoonover (119) have shown that drying of 
plant materials retarded the rate of decomposition. The 
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effect of curing was thought to be connected with the dehydra­
tion, hardening and shriveling of the tissues, which would 
interfere with re-entrance of water. 
"Whiting and Richmond in 1927 (117) concluded that the 
rapid nitrification of sweetclover roots could be attributed 
to their high content of water-soluble nitrogen. Of the 
total nitrogen 87, 37, and 33 percent was water-soluble in 
the roots, stems and leaves, respectively. Later Daji (23) 
found the ratio of available carbohydrates to available nitro­
gen compounds to be a more critical index of decomposition 
than total nitrogen and total carbohydrate values. Evidence 
that the phosphorus and potassium nutrition of legume plants 
may affect their rate of decomposition was obtained by Davis 
and Turk (26), who noted higher nitrification rates for fer­
tilized than for non-fertilized alfalfa roots. 
An explanation for the failure of green manure crops to 
be of value in building or maintaining soil organic matter in 
many instances was offered by Hallam and Bartholomew (I4J4.), who 
concluded that small frequent additions of organic matter 
would result in more loss of soil organic matter than larger, 
less frequent additions. Of basic importance was the fact 
that regardless of rate of application, the incorporation of 
organic material in soil hastened the decomposition of the 
native soil organic matter (17, 18, 44). 
An aspect of green manuring deserving further study is 
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that of phosphorus relationships. In 1942, Moser (77) re­
ported that acid-soluble phosphates were higher on plots re­
ceiving legume additions in a green manure experiment and 
"suggested that leguminous plant additions are of value in 
rendering phosphorus more available. De Turk (27) has pointed 
out that legumes are able to utilize slowly available fonns 
of soil phosphorus, such as those found in rock phosphate and 
native phosphatic minerals, and upon decomposition of the 
legume these forms are made available for other crops. Puller 
and Dean (39) have suggested that plowing under green manures 
may affect the phosphorus fertility of soils by releasing 
plant stored phosphorus. Green manures supplied about 70 per­
cent as much phosphorus to succeeding crops as did superphos­
phate when applied at equivalent rates. Using radioactive 
phosphorus, vJhite et al. (112) found green manure phosphorus 
as effective as potassium di-hydrogen phosphate as a phor-
phorus source. The proportion of phosphorus in the sudangrass 
response crop derived from these two sources did not differ 
markedly. Albritton and Ellis (2) also have shown that legume 
additions will influence phosphorus uptake. Using tracer 
techniques, Miels on ejfc al. (78) showed that additions of 
alfalfa tops increased the availability of residual phos­
phorus in the soil and suggested possible mechanisms by which 
green manures undergoing decomposition might increase phos­
phorus availability. 
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In summary, it is evident that green manuring has pro­
duced favorable yield responses in many cases, while in other 
instances results have been disappointing. When total addi­
tions are considered, legume nitrogen has been less efficient 
than inorganic sources in increasing crop yields. The influ­
ence of climatic and edaphic factors must be considered, es­
pecially that of soil moisture usage by the legume. The in­
fluence of leguminous residue additions on phosphorus avail­
ability is an interesting aspect of green manuring which 
deserves further study. 
Stubble Management of Green Manure Seedings 
Although numerous experiments have been conducted to 
determine necessary stubble management practices for highest 
hay or pasture production, little has been done to evaluate 
the effect of various stubble management practices on dry 
matter and nitrogen yields of legume green manures in the fall 
of the seeding year. Willard (123) found that mowing the 
grain stubble reduced dry matter yields of biennial sweet­
clover in November from 68 to 39 pounds per acre. In a later 
study (121) the same worker pointed out that high stubble 
clipping as early as possible would facilitate maximum sweet­
clover recovery before fall. 
In Wisconsin, Smith and Graber (98) showed that an August 
clipping of biennial sweetclover greatly reduced fall top and 
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root yields. Although the nitrogen percentage of re growth 
was high, dry matter accumulations were low. Similar results 
were obtained by Hawk (48} in Washington, who found that July 
clipping of Madrid sweetclover reduced fall nitrogen yields 
of tops from 63 to 8 pounds, while root nitrogen, yields 
dropped from 72 to 23 pounds per acre. 
Willard and Lewis (124) compared the effect of a number 
of stubble management systems on the vigor of red clover and 
alfalfa seedings. Clipping immediately after combining the 
grain and removing all straw and stubble resulted in superior 
stands, while poorest stands resulted from leaving the straw 
as it came from the combine with no clipping. Removing the 
straw without clipping was superior to clipping the stubble 
immediately after grain harvest with no removal. Clipped 
seedings withstood drought better, probably due to less 
transpiration by both legumes and weeds. 
Torrie and Hanson (106) found the effects of different 
stubble management practices to vary from year to year. 
Generally, there was a highly significant negative correlation 
between the amount of weed growth and red clover stands. 
Allen and Kuhn (3) conducted extensive stubble management 
studies in Maryland and concluded that the primary factor re­
sponsible for loss of red clover plants during the seeding 
year was plant competition, both among red clover plants and 
between clover and weed plants. In this work, clipping "was 
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essential for successful stand establishment, with two clip­
pings being better than one, and with removal of clippings 
and straw a necessity. 
In a greenhouse sand culture experiment Thornton and 
EL col (105) showed that clipping alfalfa did not alter nodule 
numbers, their mean size or the total nitrogen yields of the 
plants (tops plus clippings plus roots), but nitrogen yield 
of the roots was reduced. With regard to clipping of legumes, 
Allison and Ludwig (Ij.) cautioned that the supply of carbo­
hydrate reaching the roots is normally the chief factor regu­
lating nodulation, suggesting that excess clipping might limit 
nodulation and normal nitrogen fixation. 
With regard to stubble management of the green manure 
seeding, results of a rather limited number of experiments 
indicate that with the exception of sweetclover, clipping and 
straw removal has resulted in highest stands and yields. The 
deliterious effects of clipping sweetclover are evidently 
universal. Since in many cases legume mixtures are used for 
green manuring, critical information is needed regarding the 
influence of clipping, straw removal and other practices on 
the competitive relationships within the association. 
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METHODS AND MATERIALS 
Four types of experiments, each differing somewhat in 
basic objectives were conducted in Iowa during iiie period 
1955-1957. The procedures used in each instance will be 
described under the appropriate headings. 
Green Manure Experiments 
Field experiments were established at Ames and Kanawha, 
Iowa in 1955» 1956 and 1957 to measure dry matter and nitrogen 
yields of several legumes grown alone and in association. 
Both locations are situated in the Clarion-Webster soil 
association area as designated by Simonson et al. (96). Since 
cash grain farming prevails in much of this area, a rotation 
system utilizing legume green manures as a nitrogen source 
for corn production is feasible. The 1955 and 1956 series of 
green manure experiments were followed by corn response ex­
periments in 1956 and 1957, except in 1956 at Ames which 
failed because of drought. A measure of residual effects of 
legumes on the second year corn crop was obtained in 1957 at 
both Ames and Kanawha. 
General agronomic information 
At Ames, the experiments were located at the Agronomy 
Farm. In the 1955 see dings, two replications were on Webster 
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silty clay loam and the other two were on a Nicollet loam-
Webster silty clay loam intergrade. The 1956 seeding was 
planted on Webster silty clay loam, but failed because of 
drought. In 1957, the experiment was located on Webster 
silty clay loam. 
The Kanawha experiments were conducted on the Clarion-
Webster Soil Association Experimental Farm. In 1955, two 
replications were located predominately on Webster silty clay 
loam, one on a Webster silty clay loam-Glencoe silty clay loam 
intergrade and one on calcareous Webster silty clay loam. The 
1956 esperiment was located predominately on Webster silty 
clay loam. In 1957, each of three replications was located on 
a Webster silty clay loam-Glencoe silty clay loam intergrade, 
Glencoe silty clay loam and on calcareous Webster silty clay 
loam. 
The fertility status of the soils at the various experi­
mental sites as determined by the Iowa State College Soil 
Testing Laboratory is presented in Table 1. The samples for 
the 1955 series were taken from specific plots in May, 1956. 
All other samples were taken at harvest time in the fall. 
The legumes tested are presented in Table 2. In addition 
to the legumes and legume associations seeded with an oats 
companion crop, five plots per replication were left unseeded. 
One of these served as a check plot in the corn response ex­
periment which followed, while the other four were used for 
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Table 1. Soil test information for green manure and corn 
response experiments at two locations in.Iowa 
Organic Nitrate Avail. Avail. 
Location and year matter pH Production8- Pa K^  
Kanawha, 1955b high 7.5 83 12.8 l80 
Ames, 1955b med. high6.2 81 llj-.lj. 2l2j-
Kanawha, 1956 high 7.6 13.5 2I4.O 
Kanawha, 1957 high 7.8 60 1.5 220 
Ames, 1957 high 7.9 59 2.5 162 
aPounds per acre. 
S^pecific plots sampled in May, 1956. 
the application of 25, 50, 75» and 100 pounds of nitrogen per 
acre. 
In 1956 and 1957 at both locations, experiments were con­
ducted to compare the dry matter and nitrogen yields of Israel 
sweetclover (P.I. 200355), Hub am sweetclover and mammoth r ed 
clover. Each was seeded at the rate of 60 viable seeds per 
square foot. The procedures followed were the same as in the 
green manure experiments. 
Previous cropping at the experimental sites was such that 
a legume had not been grown within two years prior to the 
legume seedings. 
Each green manure experiment was seeded under an oats 
companion crop. The variety used varied with locations and 
years, but in general approximately two bushels per acre were 
drilled. Each experimental area received an application of 
ij.00 pounds of I4.-I6-8 fertilizer per acre, which was broadcast 
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Table 2. Legumes and legume associations seeded at Ames and 




(pounds per acre) 
Calculated 
viable seeds 
per square foot a 
Indian alfalfa 11}.. 8 
African alfalfa (A) 13.8 
Ranger alfalfa (R) 13 «0 
Madrid sweetclover (M) 16.0 
Kenland red clover (K) 11.0 







R—L 6.5 + 1.6. 30 * 30 
A-L 6.9 + lo6 30 + 30 
R-K 6.5 + 5.5 30 + 30 
A-K 6.9 + 5.5 30 + 30 
M-L 8.0 + 1.6 30 + 30 
M-K 8.0 + 5.5 30 + 30 
R-M 6.5 + 8.0 30 + 30 
R-M-K 4.3 + 5.3 + 3.7 20 + 20 + 20 
R—M—L 4-3 + 5.3 + l.i 20 + 20 + 20 
A—M—K 4.6 + 5.3 + 3.7 20 + 20 + 20 
A—M—L 4.6 + 5.3 + 1.1 20 + 20 + 20 
R—M—K—L 
A-M-K-L 
3.2 + 4.0 + 2.8 + 0.8 15 + 15 + 15 + 15 
3 «4 + 4.0 +• 2.8 + 0.8 15 + 15 + 15 + 15 
Based on germinations and purity tests and on number of 
viable seeds per pound. 
and disked in prior to drilling the oats. 
After the seed was inoculated with the proper strains of 
Rhizobia, the plots were seeded with a broadcast seeder com­
monly known as the "Tysdal seeder". After seeding, the ex­
perimental areas were always rolled. All plantings were made 
from April 9 to April 16 over the three years. 
At both locations in 1955 and 1956, a one-half pound per 
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acre pre-emergence application of Dieldrin "was used for sweet­
clover weevil control. In 1957 Heptachlor at a rate of one-
half pound per acre was used. Excellent control of the pest 
was obtained in all cases. 
The oats companion crops were harvested for grain at 
maturity in July and the straw was removed. Generally a 10 
to 12 inch stubble was left. 
Through a misunderstanding, all of the plots in the 1955 
study at Kanawha were clipped to a height of approximately 
three inches soon after grain harvest. In all other experi­
ments, the legume plots were allowed to grow until late fall 
at which time they were sampled for top and root yields, as 
described later. 
Experimental design and statistical analysis 
In all instances a randomized complete block design with 
four replications was employed. Each replication consisted 
of 24 plots (19 seeded to legumes, one check and four sub­
sequent nitrogen fertilizer plots) arranged in three ranges 
of eight plots each. The plot size was 13' 4" x 23' Ij." in 
order that a 4 x 7-hill corn plot' could be used in the corn 
response experiment to follow. 
The data were subjected to standard analysis of variance 
procedures as outlined by Snedecor (100). Because of the 
failure of the Ames seeding in 1956 and variable climatic 
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conditions during the three years, a combined analysis over 
locations and years was not made. 
In order to compare differences among treatment means, 
the least significant difference (L. S. D.) was calculated at 
the five and one percent levels of probability. Since sweet­
clover has been the most common Corn-Belt green manure, Madrid 
sweetclover was considered as the standard treatment. 
In order to assess the competitive effects existing 
within the two-component associations, a method of evaluation 
O 
similar to that used by Aberg _et al. (1) was used. The basic 
procedure for calculating the standard error of a cross dif­
ference (the difference between two differences) is outlined 
by Hayes and Immer (l}-9). 
Methods of harvesting and "processing legumes 
Each fall after a light frost sampling of the legumes 
was begun. Four 18" x 18" quadrats were taken from each plot. 
The sampling was limited to the four corners of each plot, 
the exact placement being left to the discretion of the 
author. 
A three-sided one-half inch pipe frame was used to de­
limit the area to be sampled. The use of a frame involved 
careful parting of the vegetation, laying the frame and re­
moval of the tops of the plants adjacent to the frame on the 
outside. Then a trench of spade width was dug around the 
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frame forming a block of. soil 18" x ÎÔ" in area. The depth 
required to obtain most of the roots varied with the species 
and season, but in general a maximum depth of two and one-half 
feet was sufficient. 
After all soil and debris was removed from the trench, 
the block of earth containing the plants to be sampled was 
broken apart by using spades forced beyond the depth of the 
trench bottom simultaneously from two or more sides. The 
roots were then quite easily removed, and most of the soil 
was crumbled from them by hand. 
The four samples from each plot were then composited and 
placed in a large numbered paper bag and stored in a low-
temperatrure room until they could be further processed. 
In the case of plots where two or more species were 
grown, the next step was botanical separation. The number of 
plants of each species also was determined. The tops were 
then severed from the roots at the crown. In case of Ladino 
clover, the stolons were included in the tops. The roots 
were then washed under a faucet to remove final traces of 
soil particles. The tops and roots were dried to apparent 
constant weight in a 70 degree oven and were weighed to the 
nearest gram. 
The tops and roots of each component of the two-component 
mixtures were ground separately for subsequent chemical analy­
sis, but all tops and roots were separately composited in the 
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case of three or four-component associations. All samples 
were ground to pass through a 60-mesh screen. 
Chemical analysis 
The legume tops and roots were analyzed for nitrogen 
percentage according to the official Kjeldahl method of the 
Association of Official Agricultural Chemists (11). Duplicate 
determinations were made in 1955 and 1956. A 2.0 gram sample 
was used. Mercuric oxide and cupric sulphate were used as 
digestion catalysts and methyl red was used as the indicator. 
•Periodic analyses of secondary diphenylguanidine, an organic 
nitrogen compound, revealed approximately 100 percent recovery 
of nitrogen. 
Corn Response Experiments 
Plots on which legumes were grown in 1955 and 1956 were 
planted to com in 1956 and 1957, respectively, to compare 
yield response from legume and inorganic forms of nitrogen. 
Similarly, second-year corn was grown at both locations in 
1957 to study residual effects. The Ames corn response ex­
periment in 1956 failed because of drought. 
Certified la. 4570 com was used as the response crop in 
all cases. After normal seedbed preparation all experiments 
were given a uniform dressing of 400 pounds of 0-20-20 fer­
tilizer per acre, broadcast and disked in. At Kanawha in 
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1957» both first and second-year corn land received a pre-
planting spray application of two pounds per acre of Aldrin 
for control of soil insects. Planting dates ranged from 
May 15 to May 26. 
In all experiments a simulated hill drop (power check) 
scheme was used, whereby four kernels were planted every 20 
inches in lj.0 inch rows. 'When the plants were approximately 
six inches tall, the stand was thinned to an average of two 
plants per hill, giving a plant population approximating 
16,000 plants per acre. In all experiments good stands were 
obtained with very few missing hills. Analysis of variance 
revealed no differences in stand among the various treatments 
in any of the response tests. 
Prior to the second cultivation, ammonium nitrate was 
spread by hand to simulate side dressing. The exact amount 
of fertilizer needed to give the rates of 25, 50, 75» and 100 
pounds of nitrogen per acre was weighed and placed in a paper 
bag. 
Effective corn borer control was obtained by D. D. T. 
sprays in each experiment. 
Corn yield data were obtained by harvesting the inside 
10 hills in each of the two center rows of each plot. The 
ear corn was weighed to the nearest tenth of a pound, and 12 
ears from each plot in two of the four replications were 
shelled to obtain a sample for moisture determination with the 
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Tag-Eeppenstall Moisture Meter. The results of each experi­
ment were expressed in teims of bushels of shelled com per 
acre at l5»5 percent moisture. 
Corn yield data were subjected to analysis of variance 
as outlined by Snedecor (100). All linear regression analyses 
also were carried out according to Snedecor. F tests to 
determine if one regression line could be used for all ob­
servations, and to determine the significance of slope differ­
ences between regression lines were carried out as suggested 
by Ostle (32). Quadratic response equations were calculated 
by the method of multiple regression as outlined by Snedecor 
(100). 
In July 1957, corn leaf samples were taken from selected 
treatments according to the method proposed by Tyner (107), 
and verified by other workers (7, 13, 60, 109)• The leaf 
blade below and opposite the primary ear was removed from 
about 10 of the I4.O plants to be harvested in each plot. When­
ever possible, only plants in two-plant hills bordered by two-
plant hills were sampled. All samples were taken when the 
plants were approximately 75 percent silked, with exception 
of the second year residual study at Kanawha where about 50 
percent of the plants were silked. 
Although Dirngan and Woodworth (32) and Hume and Franzke 
(54) found that removing one leaf from the corn plant may 
cause small yield reductions, Borgeson (16), and Leonard and 
3k-
Kiesselbach (61}.) concluded the effect to be very slight and 
nonsignificant. After sampling, the leaves were immediately 
dried in a 7°-degree oven and ground to pass a 60-mesh screen 
for subsequent chemical analysis. 
The nitrogen percentage from duplicate samples of corn 
leaves was determined by the Kjeldahl method as described 
earlier. 
Leaf phosphorus percentage was determined by a modifica­
tion of the method proposed by Kitson and Mellon (59). In 
this procedure, the plant material is digested in concen­
trated sulfuric acid, followed by colorimetric determination 
of phosphorus content by a vanadate-molybdate procedure. 
Decomposition of Legume Tops and Roots 
Objectives in this phase of the study were to determine 
the effect of species, plant parts, and particle sizes on 
nitrate production from leguminous residues in the laboratory. 
Varying particle sizes of tops and roots of Ranger alfalfa, 
Madrid sweetclover, Kenland red clover and Ladino white clover 
were used in the experiment. 
All tops and roots designated as "fine" were ground to 
pass through a 60-mesh screen. The "coarse" tops and "coarse" 
roots of all species except sweetclover were ground in a small 
hammermill to pass a one-half inch screen. Because of the 
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large size of sweetclover roots, five particle size categories 
were obtained. The smallest size was the 60-mesh grind as 
stated above. Three larger sizes were obtained from sieving 
root material after being passed through a one-half inch 
hammeimill screen. Material remaining on a 1/12", 12/61}." 
and 10/61}." x 3/4" sieves each made up a size category. An 
additional size fraction was comprised of all remaining 
material which passed through the 1/12" sieve. 
The oven-dry legume residues were added at the rate of 
0.5 grams to 100 grams (oven-dry basis) of Uicollet loam 
(5 tons per acre) and well mixed with an equal volume of fine 
grade vermiculite. The resulting mixture was placed in a 
1 5/8" x 8" glass tube fitted with a glass wool and vermicu­
lite retained in the bottom and a one-hole stopper at each 
end. Fifty ml. of a 0.02 percent solution of Krillium 6 was 
used to aid stabilization and therefore to hasten leaching. 
Incubation was carried out at room temperature. All tubes 
were leached to remove any initial nitrates present at the 
beginning of the experiment. The le achate was collected in 
250 ml. Erlenmeyer flasks and brought to known volume (260 ml J 
in each case. Preliminary tests employing successive 50 ml. 
leachings revealed that 200 ml. of water would have been suf­
ficient to remove all the nitrate present but 250 ml. was used 
as an extra precaution. Excess water was removed by placing 
each tube under vacuum. 
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Bach legume treatment was replicated three times and the 
check (soil alone) was replicated five- times. 
Nitrate concentration in the le achate was determined by 
the phenoldisulphonic acid method described by Black (111). A 
2-ml. aliquot of the le achate plus 1 ml. of a saturated cal­
cium hydroxide solution was evaporated to dryness. After 
cooling, 1 ml. of phenoldisulphonic acid was added, 1^  ml. of 
distilled water added, and 8 ml. of 1:1 ammonium hydroxide 
was added to develop the color. Transmittancy was determined 
with an Evelyn photoelectric colorimeter. Actual nitrate 
concentrations were then read from a standard curve. 
Stubble Management of Green Manure See ding s 
This study consisted of one experiment located at the 
Agronomy Farm, Ames, in 1957. The experimental area was pre­
dominately Webster silty clay loam. 
African and Ranger alfalfa, Madrid sweetclover, Eenland 
red clover and Ladino white clover, were seeded at the rate of 
60 viable seeds per square foot on April 15» Two replications 
were grown with a companion crop of Burnett oats seeded at one 
bushel per acre, while the other two replications were seeded 
under C. X. 7117 at one peck per acre. A blanket application 
of lj.00 pounds of lj.-l6-8 fertilizer per acre was broadcast and 
disked in prior to drilling the oats crop. 
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The management (cutting) treatments imposed were: check 
(no clipping), early clipping, deferred clipping and a com­
bined early and deferred clipping. 
The experimental design was a split plot with four repli­
cations. The management treatments served as the whole plots 
and the legumes were the subplots. The plots measured 5T x 
35* with a one-foot non-seeded border between plots. 
The "early clip* plots were mowed on July 29. An area 
38" x 29* was clipped at a height of three inches, and the 
green weight was determined to the nearest tenth of a pound. 
From this mower-strip yield, five "grab samples" were taken, 
composited, and used for botanical separation of the legumes 
from the broad-leaved and grassy weeds and stubble. Generally 
from 1/3 to 1/4 of the mower-strip yield was separated, a 
somewhat larger portion than suggested by Petersen and 
Chamblee (84), who determined optimum sample sizes for hand 
separation using variance components and cost data. The same 
procedure was repeated on the second harvest date, August 21. 
At each harvest date, all the clippings were removed from the 
plots. The legume tops were dried in a 70 degree oven and 
weighed to the nearest gram. 
Nitrogen content was determined by the Kjeldahl method 
previously described. At the first harvest date all four 
replications of each treatment were composited and ground for 
chemical analysis because the legume yields were very low. 
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Replications one and two, and three and four were composited 
at the second harvest date. 
On October 5, the experiment was sampled for top and root 
yields in a manner similar to that used in the green manure 
experiments. Two 18" x l8tt quadrats were taken per plot, one 
from each end. Further processing procedures were identical 
with those used in the green manure experiments. 
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EXPEBHElïTAL HESULTS 
Green Manure Experiments 
Dry matter and nitrogen yields 
The dry matter and nitrogen yields and stands of legumes 
and legume associations tested at Ames and Kanawha from 1955 
through 1957 are presented in Tables 3 through 8. For each 
association, the total and contribution of each component is 
shown with the exception of nitrogen yield data for the three 
and four-component associations. 
Due to an unfortunate misunderstanding, all plots in the 
1955 experiment at Kanawha were clipped soon after grain har­
vest. This treatment influenced results by removing competi­
tion from weeds and volunteer oats and by decreasing the yield 
of Madrid sweetclover relative to that of other legumes. As 
indicated in Table 3, fairly good recovery of Madrid sweet­
clover was obtained by fall harvest. Analyses of variance of 
the data (Tables Ij. and 5) revealed highly significant differ­
ences among treatments for all attributes studied. Least 
Significant Differences (L. S. D. values) calculated for each 
important characteristic are valid only for comparing means 
of legumes grown alone and means of association sums with the 
standard treatment, Madrid sweetclover, or for making random 
comparisons. 
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Table 3« Dry matter and nitrogen yields and stands of legumes 
and legume associations grown at Kanawha in 1955 
Stand ~ Dry matter (lb./A.) Nitrogen (lb./ATT 
Lesrume (Plants/ft.2) Tops Roots Total Tops Roots Total 
Jb 29.9 3217 2726 5943 85.2 60.7 145.9 A 34.2 3238 2364 5602 87.7 52.4 140.1 
EC 31.6 2308 1844 4152 63.4 39.7 103.1 
Md 18.2 2049 2513 4562 #4 65.6 121.0 
Ke 35.5 2588 754 3342 64.0 16.7 81.5 
19.8 2023 389 Phi? 53.7 9.0; 62.7 
R 30.0 2007 1828 3835 53.8 40.7 94.5 
L 6.0 365 81 446 10.9 1.9 12.8 
Sum 36.0 2372 1909 4281 64.7 42.6 107.3 
A 28.0 2356 1879 4235 64.4 42.2 106.6 
L 4.8 l8l 48 229 4.9 1.1 6.0 
Sum 32.8 2537 1927 4464 69.3 43.3 112.6 
R 33.3 1981 1674 3655 53.9 37.4 91.3 
K 13.1 530 165 698 13.0 3.2 16.2 
Sum 46.4 2511 1842 4353 66.9 40.6 107.5 
A 29.3 2756 2023 4779 76.0 46.1 122.1 
K 11.6 357 142 499 9.8 3.1 12.9 
Sum 40.9 3113 2165 5278 85.8 49.2 135.0 
M 11.2 1362 1391 2753 38.1 35.9 74.0 
L 5.1 359 75 434 9.2 1.7 10.9 
Sum 16.3 1721 1466 3187 47.3 37.6 84.9 
M 8.3 1194 1343 2537 34.2 34.1 68.3 
K 22.4 989 346 1335 27.0 7.4 34.4 
Sum 30.7 2183 1689 3872 61.2. 41.5 102.7 
R 28.4 1788 1575 3363 49.2 34.0 83.2 
M 8.0 807 805 1612 22.1 19.8 41.9 






eKenland red clover. 
L^adino white clover. 
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Table 3. (Continued) 
Stand 
Legume (Plants/ft. ) Tops Roots Total Tops Roots Total 
E 21.5 1506 1394 2900 
M 2.8 269 317 576 
K 7-1 373 131 504 
103.5 Sum 31.4 2148 1832 3980 62.1 41.4 
H 23.2 1895 1468 3363 
M 3.6 392 530 922 
L 2.6 99 27 126 
Sum 29.4 2386 2025 4411 66.5 45.4 111.9 
A 14.7 1871 1260 3131 
M - 4.6 456 338 794 
K ' 6.9 402 136 538 
Sum 26.2 2729 1734 il463 73.9 39.0 112.9 
A 15.1 1908 1594 3502 
M 3.4 392 408 800 
L 6.4 506 109 615 
Sum 24.9 2806 2111 4917 71.3 48.0 119.3 
H 8.0 967 778 1745 
M 4.5 496 528 1024 
K 5.4 314 115 429 
L 3.8 261 61 322 
Sum 21.7 2038 1482 3520 56.6 35.2 91.8 
A 7.9 1234 933 2167 
M 5.1 656 645 1301 
K 4.8 429 123 552 
L 2.8 218 40 258 
Sum 20.6 2537 1741 4278 66.6 38.5 105.1 
L. S. D. 
5^  level 6.4 465 536 920 13.9 12.3 22.6 
L. S. D. 
1io level 8.5 620 714 1225 18.3 16.5 30.1 
k2 
In the experiment conducted at Kanawha in 1955» the non-
hardy Southern type alfalfas, African and Indian, excelled in 
dry matter and nitrogen production. Of special interest was 
their superior dry matter and nitrogen yields when compared 
with that of Ranger, a hardy variety. Red clover and Ladino 
white clover had relatively low yields when grown alone or in 
association with other legumes. As shown in Table 3, very 
good stands were obtained and in some of the individual com­
ponents of associations stands were larger than the calibrated 
seeding rates shown in Table 2. 
Competitive effects were evident within the legume 
associations. Even though approximately the same number of 
viable seeds were sown per unit area as with companion 
species, Ladino white clover and red clover generally were 
suppressed in stand and yield by the more vigorous legumes. 
For example, the yield of the Ladino clover component of the 
African-Ladino association was about one-tenth the yield of 
Ladino clover grown alone. An evaluation of such competitive 
effects will be presented in a subsequent section. Clipping 
evidently decreased the competitive ability of Madrid sweet­
clover since its yields in various associations were relative­
ly low. 
Stands and fall dry matter and nitrogen yields of legume 
green manures grown at Ames in 1955 are presented in Table 6. 
Analyses of variance of the data (Tables 7 and 8) revealed 
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Table 4« Analysis of variance of stand and dry matter yield 
data of green manures grown at Kanawha in 1955 
Mean squares 
Source of Dry matter 
variat ion P.P. Stand Tops Roots Total 
Total 75 
Replications 3 38.1 1,829,379 920,498 4,210,048 
Treatments 18 256.2** 695,943** 1,252,462** 2,878,890** 
Error 54 20.3 107,661 142,975 421,118 
«^ Exceeds the 1% level of significance. 
Table 5» Analysis of variance of nitrogen yield data of green 
manures grown at Kanawha in 1955 
Source of Mean squares 
variation P.P. Tops Roots Total 
Total 75 
Replications 3 1,335.0 404«6 2,k30.k 
Treatments 18 464*5** 684.3** 1,652.6** 
Error 54 93.5 75.9 254-1 
**Exceeds the Vfo level of significance. 
differences among treatments exceeding the one percent level 
of significance for all agronomic characteristics studied. 
As shown in Table 6, yields of all species except Madrid 
sweetclover were lower at Ames in 1955 than at Kanawha. Avail­
able soil moisture was believed to account for a major portion 
of the differences. Also, a severe infestation of summer 
blackstem, Cercospora zebrina Pass, was noted in the alfalfas, 
particularly with Ranger. 
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Table 6. Dry matter and nitrogen yields and stands of legumes 
and legume associations grown at âmes in 1955 
~ Dry matter (lb./A.) Nitrogen (lb./A. ) 
Legume (Plants/ft.2) Tops Roots Total Tops Boots Total 
15 34.0 1607 1285 2892 44.5 28.0 72.5 
Ab 33.6 1468 1181 2649 42.4 27.2 69.6 
14.5 674 573 1247 19.4 13.2 32.6 
Hd 17.6 216k 2604 4768 48.9 90.0 138.9 
K 12.9 696 309 1005 16.9 7.1 24.0 Lf 14.0 
- 410 99 509 10.4 2.2 12.6 
R 16.1 738 688 1426 20.3 16.9 37.2 
L 5.2 163 48 211 4.1 1.1 5.2 
Sum 21.3 901 736 1637 24.4 18.0 42.4 
A 13.4 906 696 1602 25.8 15.6 41.4 
L 4.1 117 27 Wt- 3.0 0.7 3.7 
Sum 17.5 1023 723 1746 28.8 16.3 45.1 
R 16.8 677 565 1242 19.7 13.5 33.2 
K 6.9 304 141 8.2 3.2 11.4 
Sum 23.7 981 706 1687 27.9 16.7 44.6 
A 14.8 688 496 1184 19.5 10.6 30.1 
K 7.2 240 99 339 6.2 2.1 8.3 
Sum 22.0 928 595 1523 25.7 12.7 38.4 
M 12.6 1503 2164 3667 33.2 64.6 97.8 
L 0.7 10 3 13 0.3 0.1 0.4 
Sum 13.3 1513 2167 3680 33.5 64.7 98.2 
M 13.2 1650 2028 3678 34.1 60.7 ' 94.8 
E 1.6 35 11 46 0.9 0.2 1.1 
Sum 14.8 1685 2039 3724 35.0 60.9 95.9 
R 4.7 91 77 168 2.2 2.0 4.2 
H 14.9 1556 2199 3755 32.5 65.7 98.2 
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Table 6. (Continued) 
Stand ~ Dry matter (lb./A.) Nitrogen (lb./A.) 
Legume (Plants/ft.2) Tops Roots Total. Tops Roots Total 
R 4.3 131 107 238 
H 7.0 1178 2025 3203 
K 1.9 53 24 77 
98.0 Sum 13.2 1362 2156 3518 31.0 67.0 
R 6.8 184 163 347 
M 8.3 1383 2119 3502 
L o.5 13 3 16 
Sum. 15.6 1580 2285 3865 36.2 68.9 105.1 
A 4.0 184 115 299 
H 7.4 1333 2116 3449 
K 3.3 96 43 139 
Sum 14.7 1613 2274 3887 35.4 68.7 104.1 
A 5.6 232 195 427 
M 8.1 1570 2191 3761 
L 0.4 8 3 11 
Sum 14.I 1810 2389 4199 41.5 72.5 II4.O 
R 4.5 123 109 232 
M 6.4 1157 1524 2681 
K 4.0 117 61 178 
L 0.8 11 3 14 
Sum 15-7 1408 1697 3105 33.6 51.9 85.5 
A 5.6 208 156 364 
M 8.1 906 1522 2428 
K 3.3 93 37 130 
L 0.9 13 5 18 
Sum 17.9 1220 1720 2940 29.1 48.3 77.4 
L. S. D. , 5^  
level 5.9 423 632 779 9.9 18.0 25.7 
L. S. L. , 1# 
level 7.9 564 842 1038 13.1 24.0 34-3 
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Table 7. Analysis of variance of stand and dry matter yield 
data of green manures grown at Ames in 1955 
Mean squares 
Source of Dry matter 
variation P.P. Stand Tops Boots Total 
Total 75 
Replications 3 8.4 188,487 367,523 1,062,734 
Treatments 18 156.2** 814,396** 2,684,775*^  6,196,125** 
Error 54 17.3 89,162 198,770 302,205 
**Exceeds the 1/6 level of significance. 
Table 8. Analysis of variance of nitrogen yield data of green 
manures grown at Ames in 1955 
Source of Mean squares 
variation P. F. Tops Roots Total 
Total 75 
Replications 3 111.0 167.0 512.8 
Treatments 18 370.9** 3,058.1** 4,943.2** 
Error 54 48.3 161.2 328.8 
**Exceeds 1% level of significance. 
In this experiment stands and dry matter and nitrogen 
yields of the non-hardy Southern alfalfas, Indian and African, 
were over twice those of Ranger, The nitrogen yield of 
Madrid sweetclover was significantly greater than that of most 
remaining treatments, indicating the superiority of this leg­
ume for green manuring purposes. Of interest also was the 
fact that Madrid sweetclover was the major component of all 
associations in which it was included. An extreme instance 
was that of the Madrid-Ladino combination where over 99 per­
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cent of the total nitrogen yield was contributed by the 
Madrid sweetclover component. 
The results of the 1956 test at Kanawha are shown in 
Table 9* - Analyses of variance (Tables 10 and 11) revealed 
highly significant differences among treatments for all 
attributes studied. As was the case in the 1955 experiment 
at Ames, Madrid sweetclover produced the highest yields of 
dry matter and nitrogen. Likewise, two - component associations 
containing sweetclover outyielded other two-component combina­
tions, with sweetclover always the major component of associa­
tions • containing this legume. The differences in dry matter 
and nitrogen yields of the non-hardy alfalfas and those of 
Ranger were much less than in the 1955 experiments. Red 
clover and Ladino clover yields were lower than those of all 
other green manure treatments, and stands and yields of these 
two legumes were severely depressed when grown with alfalfa 
or sweetclover. 
The 1957 growing season at Kanawha was characterized by 
rather dry conditions early in the season and by rather favor­
able moisture conditions during and after mid-summer. As 
shown in Table 12, Madrid sweetclover outyielded all legumes 
and most of the associations by a wide margin. Analyses of 
variance, shown in Tables 13 and 14, indicated highly signifi­
cant differences among green manure treatments for stand, dry 
matter and nitrogen yields. In this experiment, poor stands 
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Table 9. Dry matter and nitrogen yield and stands of legumes 




Dry matter (lb./A.) Nitrogen (lb./A.) 
Tops Boots Total TOPS Boots Total. 
15 32.6 1903 1682 3585 49.2 38.7 87.9 
Ab 23.5 1789 1404 3193 49.0 33.6 82.6 
27.1 1485 1354 2839 42.O 33.1 75.1 
MD 19.9 3766 3611 7377 90.0 98.2 188.2 
23.7 1451 450 1901 36.7 10.7 47.4 
Lf 18.1 1275 333 1608 33.1 7.5 40.6 
B 20.3 1069 1039 2108 . 30.6 25.2 55.8 
L 3.0 72 13 85 1.9 0.3 2.2 
Sum 23.3 1141 1052 2193 32.5 25.5 58.0 
A 17.6 1311 1205 2516 36.9 28.6 65.5 
L 4.8 195 37 232 5.3 0.8 6.1 
Sum 22.4 1506 1242 2748 42.2 29.4 71.6 
B 19.8 1055 1025 2080 27.8 24.4 52.2 
K 12.6 432 147 579 11.3 3.4 14.7 
Sum 32.4 1487 1172 2659 39.1 27.8 66.9 
A 13.8 1087 1005 2092 29.4 23.2 52.6 
K 14.3 783 280 1063 20.8 6.9 27.7 
Sum 28.1 1870 1285 3155 50.2 30.1 80.3 
M 17.8 2553 2841 5394 59.2 74.9 134.1 
L 1.5 ' 21 4 25 0.4 — 0.4 
Sum 19.3 2574 2845 5419 59.6 74.9 134.5 
M 18.1 2724 2775 5499 64.9 76.3 141.2 
% 6.8 125 40 165 3-3 0.9 4.2 
Sum 24.9 2849 2815 6664 68.2 77.2 145.4 
R 7.7 194 197 391 5.4 5.0 10.4 
M 19.4 2764 5221 58.5 76.2 134.7 
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Table 9. (Continued) 
Dry matter (lb./A.)'Nitrogen (lb./A.) 
Legume 
Stand 
B 7.7 226 253 479 
M 11.9 2830 2891 5721 
K 6.4 179 6k 243 
Sum 26.0 3235 3208 6443 82.7 87.1 169.8 
H 8.1k 245 272 517 -
M 12.4 2228 2327 4555 
L 0.4 0 0 0 
Sum 21.2 2473 2599 5072 66.1 70.8 136.9 
A 6.3 314 280 594 
M 10.4 2089 2614 4703 
K 4.9 131 40 171 
Sum 21.6 2534 2934 5468 60.8 80.2 141.0 
A 9.0 274 304 578 
M 11.7 2033 2231 4264 
L 0.6 5 0 5 
Sum 21.3 2312 2535 4847 57.3 69.0 126.3 
R 9.0 325 336 661 
M 8.9 2255 2361 4616 
K 4.2 128 43 171 
L 1.0 16 3 19 
Sum 23-4 2724 2743 5467 64.9 71.0 135.9 
A 6.6 344 373 717 
M 8.2 1682 2103 3785 
K 5.8 131 56 187 
L 0.8 14 2 16 
Sum 21.4 2171 2534 4705 54.3 66.3 120.6 
L.S.D. 
level 5.3 625 608 1141 15.3 16.5 29.5 
L.S.D. 
1$ level 7.0 832 810 1520 20.4 22.0 39.3 
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Table 10. Analysis of variance of stand and dry matter yield, 
data of green manure grown at Kanawha in 1956 
Mean squares ' 
Source of Dry matter 
variation D.-F. Stand Tops Roots . Total 
Total 75 
Replications - 3 41.9 646,016 662,093 1,539,321 
Treatments 18 63.6** 2,038,401** 3,866,427** 11,176,595** 
Error 54 13.8 194,509 183,937 647,608 
-x-x-Exceeds the 1% level of significance. 
Table 11 „ Analysis of variance of nitrogen yield data of 
green manures grown at Kanawha in 1956 
Source of Mean squares 
variation D..F- Tops Roots Total 
Total 75 -
Replications 3 523.1 430.4 1,051.6 
Treatments .18 1,00k. 0** 3,153.4** 7,453.1** 
Error 54 116.9 136.1 432.0 
«-«-Exceeds the 1% level of significance. 
and hence poor yields of the alfalfas were obtained. A 
moderate infestation of summer black stem, Cercospora zebrina 
Pass, was not considered as a major contributing factor. As 
in earlier undipped tests, Madrid swee tel over out yielded 
other legumes grown alone by a wide margin, and associations 
containing sweet clover were superior to those not containing 
it. 
Noteworthy in this experiment was the tendency for the 
ratio of tops to roots for both dry matter and nitrogen to be 
5i 
Table 12. Dry matter and nitrogen yields and stands of leg­
umes and legume associations grown at Kanawha in 
1957 ; ' 
Stand ~ Dry matter (lb./A.) Nitrogen (Ib./JTT 
Legume (Plants/ft.^ ) Tops Roots Total Tops Roots Total 
Ia 16.7 1926 927 2853 55.4 22.8 78.2 ÀP 15.2 1613 "803 2416 48.2 20.4 68.6 
19.8 1215 622 1837 35.7 15.5 51.2 
M 14.2 324-36 2^ .69 5905 98.7 70.1 168.8 
22.6 1978 444 2422 54.7 10.8 65.5 
Lf 20.1 1105 206 1311 33.1 5.3 38.4 
R 15.3 1183 700 1883 35.3 17.4 52.7 
L; 6.5 184 32 216 5.4 0.9 6.3 
Sum 21.8 1367 73 2 2099 40.7 18.3 59.0 
A 13.3 1592 718 2310 48.2 18.2 66.4 
L 4.0 12k 25 149 3.5 0.7 4.2 
Sum 17.3 1716 743 2459 51.7 18.9 70.6 
R 8.9 682 376 1058 20.0 9.2 29.2 
K 12.9 962 202 1164 26.4 4.9 31.3 
Sum 21.8 I6i|li 578 2222 46.4 14.1 60.5 
A 9.2 1183 561 1744 33.8 14.I 47.9 
K 9.5 739 171 910 22.1 4.2 26.3 
Sum 18.7 1922 732 2654 55.9 18.3 74.2 
M 8.7 2ij-20 1738 1A58 68.5 47.8 116.3 
L 3.1 131 26 157 Il.O 0.6 4.6 
Sum 11.8 2551 1764 4315 72.5 48.4 120.9 
H 6.9 2388 1787 4175 69.5 50.6 120.1 
K 8.1 k30 160 590 12.7 3.7 I6.4 
Sum 15.0 2818 1947 4765 82.2 54.3 136.5 
R 10.5 530 277 807 15.4 6.9 22.3 
M 7.2 1610 1290 2900 46.3 37.3 83.6 
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Table 12. (Continue d) 
Dry matter (lb./A.) Nitrogen (lb./A.) 

























































































































3974 71.3 44.8 116.1 
L.S.D. 
5/£ level 4.9 650 505 1097 18.2 14.3 30.5 
L.S.D. 
1% level 6.6 871 676 1470 24.3 19.2 40.9 
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Table 13. Analysis of variance of stand and dry matter data 
of green manures grown at Kanawha in 1957 
Mean squares ~ 
Source of Pry matter -
variation D.F. Stand Tops Roots Total 
Total 56 
Replications 2 k.9 3,864,310 1,657,727 10>509,296 
Treatments 18 28.7** 1,107,931** 1,170,696** 4,395,769** 
Error 36 8.9 153,790 92,753 438,095 
**Exceeds the 1% level of significance. 
Table 14. Analysis of variance of nitrogen yield data of 
green manures grown at Kanawha in 1957 
Source of Mean squares 
variation D.F» Tops Roots Total 
Total 56 
Replications 2 2,911.3 1,118.5 7,534.5 
Treatments 18 883.4** 1,003.9** 3,653.3** 
Error 36 120.2 74-9 338.3 
**Exceeds the 1% level of significance. 
somewhat greater than in previous tests. This phenomenon was 
explained by increased soil moisture availability during the 
summer and fall as compared with previous experiments. Under 
such conditions the ratio of tops to roots commonly is found 
to increase as compared with drier conditions as discussed by 
Loomis (67). 
The results of the green manure experiment conducted at 
Ames in 1957 are presented in Table 15 with analyses of vari­
ance of the data shown in Tables 16 and 17. Highly signifi-
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Table 15. Dry matter and nitrogen yields and stands of leg­
umes and legume associations grown at Ames in 1957 
Stand ~ Dry matter (lb./A.) Nitrogen (Ib./ÂTT 
Legume (Plants/ft. ) Tops Boots Total Tops Boots Total 
If- 9.4 373 187 560 11.2 4.8 16.0 
Ab 7.4 381 179 560 11.0 4.5 15.5 
8.4 346 184 530 9.8 4.6 14.4 
M 16.4 2721 1335 4056 75.5 35.6 111.1 
E® 14.1 1021 229 1250 28.2 5.6 33.8 
L 33.4 813 131 944 23.9 3.3 27.2 
B 4.3 . 91 48 139 2.7 1.2 3.9 
L 8.7 197 43 240 5.7 1.1 6.8 
Sum 13.0 288 91 379 8.4 2.3 10.7 
A 3.6 184 85 269 5.5 1.6 7.1 
L 14.1 341 53 394 10.2 1.4 11.6 
Sum 17.7 525 138 663 15.7 3.0 18.7 
B 2.8 91 51 142 2.7 1.3 4.0 
K 9.9 781 178 959 21.6 4.3 25.9 
Sum 12.7 872 229 1101 24.3 5.6 29.9 
A 4.4 187 96 283 5.6 2.3 7.9 
K . 12.5 1037 245 1282 30.1 6.0 36.1 
Sum 16.9 1224 341 1565 35.7 8.3 44.0 
M 11.2 1906 1014 2920 56.0 28.3 84.3 
L 4.9 55 10 65 1.6 0.3 1.9 
Sum 16.1 1961 1024 2985 57.6 28.6 86.2 
M 10.8 1895 1052 2947 55.3 28.8 84.1 
K 2.9 167 38 205 4.7 0.9 5.6 
Sum . 13.7 2062 1090 3152 60.0 29.7 89.7 
B 4-3 99 55 154 2.9 1.5 4.4 
M 12.1 1958 992 2950 56.2 26.9 83.1 
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Table 15. (Continued) 
Stand Dry matter (lb./A.J Nitrogen (lb./A.) 
Legume (Plants/ft.^ ) Tops Roots Total Tops Roots Total. 
R 2.5 75 41 115 
M 7.1 1210 695 1905 
E 4»4 240 56 296 
66.5 Sum 14.0 1525 792 2316 45.4 21.1 
E 3.1 51 32 83 
M 8.5 1624 928 2552 
L 3.2 37 9 46 
Sum 14.8 1712 969 2681 49.7 25.9 75.6 
A 2.6 83 53 136 
M 8.1 1450 874 2324 
E 7.9 402 99 501 
Sum 18.6 1935 1026 2961 57.1 28.2 85.3 
A 4.9 155 88 243 
M 8.9 1450 789 2239 
L 4.3 53 10 63 
Sum 18.1 1658 887 2545 49.1 24.0 73.1 
B 2.3 40 29 69 
M 5.4 1039 645 1684 
E 6.1 282 72 354 
L 2.4 37 6 43 
Sum 16.2 1398 752 2150 42.0 19.9 61.9 
A 2.6 94 55 149 
M 6.5 1271 795 2066 
E 6.2 302 69 371 
L 3.2 43 6 49 
Sum 18.5 1710 925 2635 50.9 24.9 75.8 
Le S • De 
level 6.0 575 305 839 16.3 8.5 23.4 
L.S.D. 
1% level 8.0 766 407 1117 21.7 11.3 31.1 
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Table 16. Analysis of variance of stand and dry matter yield 
data of green manures grown at Ames in 1957 
Mean squares 
Source of Dry matter 
variation P.P. Stand Tops Root s Total 
Total 75 
Replications 3 59.5 666,568 260,172 1,220,783 
Treatments 18 118.8** 2,061l,359** 732,1i21** 5,l6l,06l*«-
Error 54 18.0 164,368 46,351 349,981 
«-«•Exceeds the 1% level of significance. 
Table 17. Analysis of variance of nitrogen yield data of 
green manures grown at Ames in 1957 
Source of = Mean squares 
variation P.P. Tops Roots Total 
Total 75 
Replications 3 6l5.9 213.0 967.6 
Treatments 18 1,708.7** 55k. 4** 4,139.6** 
Error 54 131*4 35.6 271.8 
««-Exceeds -the 1$ level of significance. 
cant differences were obtained among green manures for each 
characteristic studied. In general, dry matter and nitrogen 
yields of all associations and of legumes grown alone were 
somewhat lower than those found in most of the other tests.-
Perhaps the most important causal agent involved was a serious 
weed infestation which evidently resulted from a light seeding 
rate of the oats companion crop. On two replications, a rate 
of one bushel per acre was used and on the remaining two 
replications one peck per acre was drilled. A possible ex­
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planation for red clover outyielding the alfalfas was the 
ability of red clover to better tolerate conditions of low 
light intensity than alfalfa as shown by Gist and Mott (40). 
Moisture conditions were not considered critical, although 
yields of red clover and Ladino clover were quite low. Ken-
land red clover, however, made up a major portion of the 
two-component mixtures in which it was included as long as 
sweetclover was not present. 
The superiority of Madrid sweetclover as a legume green 
manure was upheld in this experiment, since it yielded three 
times as much nitrogen per acre in the tops plus roots as red 
clover, the second best legume grown alone. Also, two-
component associations containing sweetclover far outyielded 
associations not containing this legume, and when grown'in 
association with other legumes, Madrid sweetclover produced 
a major portion of the total dry matter or nitrogen yield. 
As was found in other tests previously discussed, the three 
or four-component associations were inferior to sweetclover 
grown alone or to the two component mixtures containing sweet­
clover. 
The foregoing results from five green manure experiments 
conducted in the Clarion-Webster soil association area over a 
three-year period reaffirm the value of biennial sweetclover 
as a green manure. Total (tops plus roots) dry matter yields 
ranged from IjJ.00 to 7400 pounds per acre and total nitrogen 
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yields varied from 111 to 188 pounds per acre. The ratio of 
tops to roots of Madrid sweetclover approximated unity with 
exception of tests conducted in 1957 where values were some-r 
what higher. Alfalfa dry matter and nitrogen yields varied 
to a much greater extent than did yields of sweetclover when 
results of the five tests were considered. The non-hardy 
Southern varieties produced nitrogen yields of 15 to llj.6 
pounds of nitrogen per acre, while total nitrogen yields of 
Ranger varied from llj. to 103 pounds per acre. Characteristic 
top-root ratios for alfalfa were on the order of 1.5 except 
in 1957 when values approximating 2.0 were obtained. The 
superiority of the non-hardy varieties was probably related 
to hardening processes which took place in the fall. At har­
vest time prior to hard frost, Ranger plants were somewhat 
decumbent and appeared to have materially decreased in growth 
rate, while African and Indian plants remained upright and 
appeared to continue fairly rapid growth until killed by 
frost. 
Red clover produced total nitrogen yields of 2l{. to 82 
pounds per acre, of which approximately one-fourth was in the 
roots. Dry matter and nitrogen yields of Ladino white clover 
were consistently lower than those of other species grown 
alone and of yields of most legume associations. Total nitro­
gen yields varied from 13 pounds per acre at Ames in 1955 to 
63 pounds at Kanawha in 1955» of which approximately one-sixth 
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was in the roots. 
Excellent stands of all treatments were observed early 
in the season in each of the five experiments, but final 
stands were often reduced somewhat at the time of fall har­
vest. In 1955 and 1956 fall stands in excess of 30 plants 
per square foot were noted for the non-hardy alfalfas, while 
stands of Ranger were somewhat less. Stand levels of Madrid 
sweetclover ranged from Ik to 20 plants per square foot. 
Fall stands of red clover were much more variable, ranging 
from 13 to 36 plants per square foot. Ladino white clover 
stands ranged from l^  to 33 plants per square foot. Similar­
ly, total stands of "the various associations varied widely 
due to treatment, location and year effects. 
With regard to the total dry matter or nitrogen produc­
tion of legume associations, it was found that no combination 
yielded as well as Madrid sweetclover grown alone with excep­
tion of the Kanawha study in 1955 where the plots were 
clipped. In some instances, however, the yield differences 
were not significant at the five percent level of probability. 
Undipped Madrid sweetclover exerted profound competitive 
effects when grown in association with other legumes. In 
some instances Madrid sweetclover comprised nearly all of the 
total stand and dry matter production of particular associa­
tions in which it was a component. This was particularly 
true with the two -component combinations. In general, the 
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alfalfas exerted somewhat less competition on the less 
vigorous species as indicated by stand counts and dry matter 
yields of individual components. Competitive effects will 
be further evaluated in a subsequent section. 
In general, no legume association was greatly superior 
to any other association with the same number of components. 
However, associations containing Madrid sweetclover generally 
outyielded those without it, and associations containing 
African alfalfa tended to produce higher yields of dry matter 
and nitrogen than like associations containing Ranger alfalfa. 
Dry matter and nitrogen yields of the four-component associa­
tions were generally inferior to those of less complex mix­
tures because a lower proportion of Madrid sweetclover was 
contained in them. 
Nitrogen percentages of legume tops and roots 
The nitrogen percentages of the tops and roots of six 
legumes grown alone at Kanawha in 1955 are presented in 
Table 18. Significant differences in nitrogen percentage 
values among tops were not evident, but highly significant 
differences were found in nitrogen percentage of roots» 
Madrid sweetclover roots contained a considerably higher 
concentration of nitrogen than did roots of the other legumes. 
The nitrogen percentage of the roots was considerably lower 
than that of the tops of all legumes except Madrid sweet-
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Table 18. Nitrogen percentages of tops and roots of legumes 
grown alone at Kanawha in 1955 
Nitrogen percentage 
Legume Tops Roots 
Indian alfalfa 2.65 2.23 
African alfalfa 2.71 2.22 
Ranger alfalfa 2.75 2.17 
Madrid sweetclover 2.69 2.61 
Kenland red clover 2.53 2.23 
Ladino white clover 2.66 2.33 
Analysis of variance 
Source of Mean squares 
variation P.P. Tops Roots 
Total 23 
Replications 3 0.0008 0.0226 
Legumes 5 0.0231 0.1019** 
Error 15 0.0348 0.0120 
**Exceeds the 1% level of significance. 
clover. 
Table 19 records the nitrogen percentage of legume tops 
and roots sampled at Ames in 1955. Significant differences 
were found among legumes for nitrogen percentage of tops and 
highly significant differences were found among roots. Of 
special interest was the relatively low nitrogen concentration 
found in sweetclover tops and a high nitrogen percentage in 
the roots. This phenomenon might possibly be explained by 
translocation of soluble nitrogen compounds into the roots 
late in the fall of the seeding year, as suggested by Millard 
(122) and other workers. Further evidence for this hypothesis 
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Table 19. Nitrogen percentages of tops and roots of legumes 
grown alone at Ames in 1955 
Nitrogen percentages 
Legume Tops Roots 
Indian alfalfa 2.75 2.13 
African alfalfa 2.88 2.25 
Ranger alfalfa 2.84 2.30 
Madrid sweetclover 2.01 3.01 
Kenland red clover 2.43 2.33 
Ladino white clover 2.53 2.19 
Analysis of variance 
Source of Mean squares 
variation P.P. Tops Roots 
Total 23 
Replications 3 0.0429 0.06l6 
Legumes 5 0.4354** 0.4122* 
Error 15 0.0119 0.0328 
«-Exceeds the 5$ level of significance. 
-x-x-Exceeds the 1% level of significance. 
was suggested by a rather late harvest completion on November 
2. As a group, the alfalfas exceeded other legumes in nitro­
gen content of the tops. 
The nitrogen percentages of tops and roots of the six 
legumes grown alone in the 1956 green manure experiment at 
Kanawha are presented in Table 20. Highly significant dif­
ferences among legumes were evident for both top and root 
nitrogen percentages. As was noted in the 1955 test at Ames, 
the nitrogen percentage of Madrid sweetclover roots exceeded 
that of the tops. In the other legumes studied, the nitrogen 
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Table 20. Nitrogen percentages of tops and roots of legumes 
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**Exceeds the level of significance. 
percentage of the tops was greater than that of the roots. 
Nitrogen percentage data for legume tops and roots grown 
in 1957 at Kanawha and Ames are shown in Tables 21 and 22, 
respectively. At Kanawha, highly significant differences 
were found among legumes for nitrogen percentage of both tops 
and roots. In the Ames test in 1957, the legumes did not 
differ in nitrogen percentage of roots at the five percent 
level of probability, but significant differences were evident 
among legumes for nitrogen percentage of tops. Somewhat 
higher values were found for most legumes in 1957 than in 
earlier tests. Part of this difference may be explained by 
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Table 21. Nitrogen percentages of tops and roots of legumes 
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->x-Exceeds the Vfo level of significance. 
earlier harvest and less insect damage than occurred in the 
tests conducted in 1955 and 1956. As in earlier experiments, 
the nitrogen percentage of sweetclover roots exceeded that 
of other legumes. Also, the nitrogen percentage of tops was 
greater than that of roots in all legumes. 
With regard to the nitrogen percentage of legume tops 
and roots, it was evident that considerable variation existed 
due to plant part, legume, location and year effects. With 
exception of Madrid sweetclover, the nitrogen percentage of 
tops was always higher than that of the roots. In general, 
the nitrogen percentage of alfalfa tops exceeded that of 
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Table 22. Nitrogen percentage of tops and roots of legumes 
grown alone at Ames in 1957 
Nitrogen percentage 
Legume Tops Roots 
Indian alfalfa 2.99 2.%. 
African alfalfa 2.88 2.51 
Ranger alfalfa 2.8k 2.53 
Madrid sweetclover 2.81 2.65 
Kenland red clover 2.77 2.45 
Ladino white clover 2.90 2.53 
Analysis of variance 
Source of Mean squares 
variation P.P. Tops Roots 
Total 23 
Replications 3 0.0024 0.0121 
Legumes 5 0.0233* 0.0228 
Error 15 0.0038 0.0098 
«-Exceeds the %% level of significance. 
sweetclover, red clover and La'dino white clover. Ladino white 
clover tops exceeded those of red clover in nitrogen content, 
but no trend was established for the roots of these two 
species. The nitrogen percentage of sweetclover roots exceed­
ed that of other legumes tested in each experiment. 
Nitrogen percentage values, although sometimes regarded 
as being of limited significance, are important in green 
manure work, since they are a component of the nitrogen yield 
and because the nitrogen percentage is an important factor 
regulating nitrate release from organic residues undergoing 
decomposition. 
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Preliminary tests with three legumes 
At both locations in 1956, preliminary experiments were 
initiated to compare two annual sweet clovers, Hub am and 
Israel, and mammoth red clover for green manure purposes. 
Mean values for stand, and dry matter and nitrogen yields 
from these tests are presented in Table 23. Analysis of 
variance of the data is shown in Tables 24 through 29. 
Table 23. Dry matter and nitrogen yields and stands of 
three legumes grown at Kanawha in 1956 and 1957» 
and Ames in 1957 
Stand  ^Dry matter (lb./A.) Nitrogen (lb./A.) 









































































aMeans of four replications. 
M^eans of three replications. 
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Table 24. Analysis of variance of stand and dry matter data 
of three legumes grown at Kanawha in 1956 
Mean squares 
Source of Dry matter 
variation P.P.. Stand Tops Roots Total 
Total 11 
Replications 3 21.0 53,178 13,HA 70,557 
Legumes 2 100.3** 3,530,923** 187,158** 4,246,483** 
Error 6 5.7 121,705 1,628 138,698 
**Exceeds the 1% level of significance. 
Table 25. Analysis of variance of nitrogen yield data of 
three legumes grown at Kanawha in 1956 
Source of Mean squares 
variation P.P. Tops Roots Total 
Total 11 
Replications 3 :330.2 6.7 422.0 
Legumes 2 1,946.9** 156.9** 2,221.8* 
Error 6 70.1 1.9 81.5 
«-Exceeds the 5% level of significance. 
«-^ Exceeds the 1% level of significance. 
At Kanawha in 1956, dry matter and nitrogen yields and 
stands of Israel sweetclover were approximately twice those 
of Hub am. Part of the yield difference was due to early 
flowering and maturity of Hub am, which resulted in some leaf 
loss by harvest time. 
Comparisons between the results of this study and the 
larger green manure study are valid only in a general way, 
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Table 26. Analysis of variance of stand and dry matter data 




variation D.F. Stand Tops Roots Total 
Total 8 
Replications 2 45.8 893,289 31,868 1,263,662 
Legumes 2 k30.8* 2,625,210** 107,474** 2,783,959** 
Error 4 41.1 103,408 3,383 127,431 
«•Exceeds the 5% level of significance. 
-»Exceeds the 1% level of significance. 
Table 27. Analysis of variance of nitrogen yield data of 
three legumes grown at Kanawha in 1957 
Source of Mean squares 
































-x-x-Exceeds the 1% level of significance. 
since two independent but adjacent experiments were involved. 
However, yields of the annual sweetclovers definitely were 
inferior to that of the biennial variety, Madrid, which pro­
duced a total nitrogen yield of 188 pounds per acre in the 
1956 test at Kanawha. 
As was expected, since they are annuals, the top/root 
ratios of Hub am and Israel were quite wide, being on the 
order of 33:1 and 17:1, respectively for nitrogen, in contrast 
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Table 28. Analysis of variance of stand and dry matter data 
of three legumes grown at Ames in 1957 
Mean squares 
Source of Dry matter 
variation P.P. Stand Tops Roots Total 
Total 11 
Replications 3 21.0 217,180 4,672 269,100 
Legumes 2 100.3** 1,132,731* 14,669 989,005 
Error 6 5-7 179,044 5,980 237,123 
-x-Exceeds the Sfo level of significance. 
-x-x-Exceeds the Vfo level of significance. 
Table 29. Analysis of variance of nitrogen yield data of 
three legumes grown at Ames in 1957 
Source of Mean squares 
variation P.P. Tops Roots Total 
Total 11 
Replications 3 115.2 2.7 136.6 
Legumes 2 793.2* 20.4* 770.5 
Error 6 142.8 3.1 180.1 
«-Exceeds the 5$ level of significance. 
to a value less than unity for Madrid sweetclover. Root dry 
matter yields of both Israel and Hub am were extremely low, as 
nitrogen yields of roots were on the order of 5 and 1 pounds 
per acre, respectively. 
Results of the Kanawha experiment conducted in 1957 were 
similar to those obtained in 1956. The dry matter and nitro­
gen yields of Israel were twice those of Hub am, and extremely 
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low root yields and wide top-root ratios were found. Yields 
of mammoth red clover approximated those of medium red 
clover. 
At Ames in 1957 poor stands of Israel were obtained, but 
this legume outyielded Hubam, as in tests previously discussed. 
Root nitrogen yields of approximately four pounds per acre for 
Israel and only one pound for Hubam were found. In contrast 
to the findings of other tests, dry matter and nitrogen yields 
of mammoth red clover were lower than those of Hubam. 
Prom these three preliminary tests it is evident that 
Israel sweetclover was superior to Hubam in tenus of dry 
matter and nitrogen yields in the fall of the seeding year, 
and that both annuals were inferior to Madrid sweetclover. 
In general, no advantage was found for mammoth red over medium 
red clover. 
The nitrogen percentages of tops and roots of Israel and 
Hubam sweetclovers, and mammoth red clover when grown in three 
preliminary experiments are shown in Table 30. Analysis of 
variance of the data (Table 31) revealed significant or highly 
significant differences among legumes for tops and roots in 
all tests except at Kanawha in 1956 where no differences among 
nitrogen percentages of tops were found. 
The nitrogen percentages of Israel tops and roots were 
consistently greater than those of Hubam. Hubam roots aver­
aged only about 1 percent nitrogen and Israel roots contained 
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Table 30. Nitrogen percentages of tops and roots of three 
legumes grown at Kanawha in 1956 and 1957 and 
Ames in 1957 
Nitrogen percentages 































about 1.6 percent nitrogen, both of which were much lower 
than the nitrogen percentage of Madrid sweetclover roots. 
In each test, the nitrogen percentage of mammoth r ed clover 
tops closely approximated that of Israel sweetclover, but 
root nitrogen percentages of mammoth were much higher. 
Competitive effects within legume associations 
Since the dry matter and nitrogen yields of individual 
components of legume associations indicated the existence of 
competitive relationships, a method similar to that used by 
O 
Aberg et al. (1) was employed to evaluate these effects. This 
procedure involved comparing the total dry matter production 
(tops plus roots) of a particular legume grown In a two-
Table 31. Analysis of variance of nitrogen percentage data of three legumes grown 
at Ames in 1957 and Kanawha in 1956 and 1957 
Mean squares 
Source of Kanawha , 1956 Kanawha, 1957 Ame s, 1957 
variation D.F.a Tops Roots Tops Roots Tops Roots 
Total 11 
Replications 3 O.OOlf.1 0.0316 0.0169 0.0249 0.0039 0.0235 
Legumes 2 0.0076 2.0034** O.II49* I.296i** 0.6281** 2.0529** 
Error 6 0.0088 0.0111 0.0086 0.0063 0.0091 0.0057 
aDegrees of freedom for Total, Replications, Legumes and Error in the 1957 
test at Kanawha were 8, 2, 2, and 1|., respectively. 
•«•Exceeds the level of significance. 
**Exceeds the 1% level of significance. 
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component association with one-half its total yield when grown 
alone. The half-yield of the legume grown alone was used as a 
base because two components were involved in each case, which 
resulted in a theoretical seeding rate of each component one-
half that of the corresponding legume grown alone. Individual 
comparisons in analysis of variance were used to determine if 
the yield of a legume grown in a particular association dif­
fered from its half-yield by a statistically significant 
amount. In order to express the net effect of plant competi­
tion within a given association in terms of net gain or loss, 
the deviations in total yield of each legume grown in associa­
tion from one-half its yield when grown alone, and of the 
associated legume in the combination from its half-yield when 
grown alone were added together. To determine if the result­
ing net gain or loss values differed significantly from zero, 
a t-test was employed. The standard error of the cross dif­
ference for each test was calculated from* the pooled error 
terms from the individual analyses of variance of the two 
legumes in question. The yields of five legumes grown in 
association compared with one-half their yield when grown 
alone at Kanawha in 1955 are shown in Table 32. Analysis of 
variance (Table 33) revealed significant or highly significant 
differences for all legumes except African alfalfa. Since 
the plots in this experiment were all clipped, the potential 
competitive effects of Madrid sweetclover were not fully 
Ik 
Table 32. Yield of total dry matter (tops plus roots) in 
grams per plot of five legumes grown in association 
and one-half their yield when grown alone at 
Kanawha in 1955 
Associated -legumes 
Legume African Ranger Madrid Kenland Ladino 
African alfalfa 263* w 397 
Hanger alfalfa 195a 316 3U 360 
Madrid sweetclover 151 21ij.a 238 258 
ICenland red clover hi 66 125 I57a 
Ladino white clover 22 li-2 41 113 a 
aOne-half of the total yield when grown alone. 
developed. 
Table 3k- was prepared from Table 32 by obtaining the 
deviations in yield of a particular legume grown in associa­
tion from the half-yield of that legume when grown alone. 
Such a procedure summarizes the competitive relationships 
which existed and shows the net gain or loss for each associa­
tion. The net gain or loss thus characterizes the association 
as to whether it was compensating, overcompensating, mutually 
beneficial or antagonistic. A compensating relationship was 
considered one in which an increased yield of one component 
of the association compensated for a loss in yield of the 
other component in such a manner that the net gain or loss 
for the association did not differ significantly from zero. 
In an overcompensating relationship, the increased yield of 
Table 33» Analysis of variance of total dry matter yield data in grains per plot 
of five legumes grown in association and one-half their yield when 















Replications 3 1,781.0 593.4 6,255.7 216.2 2^ .6 
Treatments 3 1,590.6 ll,7l|.2.HHfr 15,203.6* l,l|6o.7** 383.6** 
Error 9 689.5 860.1 3,969.7 205.5 534 
D^egrees of freedom for Total, Replications, Treatments and Error for African 
alfalfa were 11, 3, 2 and 6, respectively. 
-^ Exceeds the 5$ level of significance. 
**Exceeds the 1 % level of significance. 
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Table 34» Average deviation in grams of total dry matter 
per plot for each legume grown in combination 
from one-half its yield grown alone, and of the 
associated legume in the same combination from 
its half-yield when grown alone at Kanawha in 
1955 
Legumes grown Associated legumes 
in combination African Ranger Madrid Kenland Ladino 
African alfalfa 
Associated legumes 






























Kenland red clover -
Associated legumes 







Ladino white clover 
Associated legumes 








«-Exceeds the 5$> level of significance. 
**Exceeds the 1 % level of significance. 
one component over compensated for the loss in yield obtained 
for the other component so that the net gain was significantly 
greater than zero. A mutually beneficial association would be 
characterized by both components yielding more than their 
half-yields when grown alone with, a net gain significantly 
greater than zero. In an antagonistic association, the yields 
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of both components would be less than their half-yields when 
grown alone, with a resulting net loss for the association. 
An example of an overcompensating relationship was the 
African-Kenland combination. In this association, the African 
alfalfa component yielded 185 grams per plot in excess of its 
half-yield when grown alone. The Ke.nl and component, however, 
yielded 110 grams per plot less than one-half its yield when 
grown alone. Both deviations were significant at the one 
percent level of probability. Since the increased yield of 
the African component more than compensated for the lower 
yield of the Kenland red clover component by a value of 75 
grams, which differed from zero at the one percent level of 
probability, an over compensating relationship was evident. 
An example of a compensating relationship was the 
Madrid-Ranger combination since the net gain did not differ 
from zero at the five percent level of probability. As shown 
in Table 31^ , four of seven combinations tested were overcom­
pensating. The remaining three all contained Madrid sweet-
clover, which suggested that clipping the plots tended to mask 
the normal competitive ability of that legume. 
An evaluation of the competitive relationships which 
existed in the two-component associations of the 1955 green 
manure experiment at Ames is recorded in Tables 35 through 
37- Competitive effects of sweetclover were such that its 
yields when grown in various combinations were significantly 
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Table 35» Yield of total dry matter (tops plus roots) in 
grams per plot of five legumes grown in association 
and one-half their yield when grown alone at Ames 
in 1955 
Associated legumes 
Legume African Ranger Madrid Kenland Ladino 
African alfalfa 12lj.a 111 150 
Ranger alfalfa 58* 16 116 13k 
Madrid sweetclover 352 22ka 345 3kk 
Kenland red clover 32 42 k k7& 
Ladino white clover Uj. 20 2 2ka 
aOne-half of the total yield when grown alone. 
greater than its half-yield when grown alone. 
As shown in Table 37, five of seven combinations showed 
a net gain significantly greater than zero. Therefore, they 
were termed overcompensating. The two compensating associa­
tions both contained African alfalfa. A lack of strong com­
petitive ability of red clover and Ladino white clover was 
evident, particularly when grown with Madrid sweetclover. 
An evaluation of the competitive effects which existed 
in the 1956 green manure experiment at Kanawha is presented 
in Tables 38 through 1^ 0. Of interest was the extreme reduc­
tion in yield of Ladino white clover when grown with other 
legumes compared with its half-yield when grown alone as 
shown in Table 38. An extreme example was the Madrid-Ladino 
association where the total dry matter yield of the Ladino 
Table 36. Analysis of variance of total dry matter yield data in grams per plot of 
five legumes grown in association and one-half their yield when grown 















Replications 3 1,167.7 8,196.2 6,893.7 1,962.7 6i|.6.2 
Treatments 3 36,627.7** 22,160.8* 8,617.2 10,539.7** 6,522.7** 
Error 9 582.4 2,380.0 5,350.6 531.4 618.1 
D^egrees of freedom for total, replications, treatments and error for African 
alfalfa were 11, 3, 2 and 6, respectively. 
"^ Exceeds the level of significance. 
•IBS-Exceeds the 1% level of significance. 
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Table 37 • Average deviation in grams of total dry matter per 
plot for each legume grown in combination from one-
half its yield grown alone, and of the associated 
legume in the same combination from its half-yield 
when grown alone at Ames in 1955 
Legumes grown Associated legumes 
in combination African Ranger Madrid Kenland Ladino 
African alfalfa 
Associated legumes 



























Kenland red clover 
Associated legumes 












Ladino white clover 
Associated legumes 









«Exceeds the 5% level of significance. 
-"-^ •Exceeds the 1% level of significance. 
component was only 2.3 percent of the half-yield of Ladino 
grown alone. Analysis of variance (Table 39) indicated either 
significant or highly significant differences in yield among 
the individual components and half-yields of all legumes 
tested. 
As shown in Table ILO, yield of the Madrid sweet clover 
component of the three combinations in which it was included 
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Table 38. Yield of total dry matter (tops plus roots) in 
grams per plot of five legumes grown in association 
and one-half their yield when grown alone at Kanaw­
ha in 1956 
Associated legumes 
Legume African Hanger Madrid Kenland Ladino 
African alfalfa l50a 196 236 
Hanger alfalfa 133* 37 195 198 
Madrid sweetclover 490 346* 516 506 
Kenland red clover 100 54 16 90* 
Ladino white clover 22 8 2 88& 
aOne-half of the total yield when grown alone. 
was significantly greater in each instance than its half-yield 
when grown alone. In addition, yields of the associated leg­
umes in combination with Madrid were significantly (one per­
cent level) lower than their half-yields when grown alone. 
Such findings indicate the strong competitive ability of 
Madrid sweetclover. The lack of competitive ability of Ladino 
white clover was indicated by its highly significant (one per­
cent level) yield reductions when grown with the alfalfas or 
sweetclover compared with its half-yield when grown alone. 
In this experiment only one association, the Madrid-
Ladino combination, showed net overcompensating effects, and 
the African-Kenland association proved to be mutually benefi­
cial, even though the yields of the two individual components 
did not differ significantly from their half-yields when grown 
Table 39» Analysis of variance of total dry matter yield data in grams per plot 
of five legumes grown in association and one-half their yield when 















Replications 3 2,753.6 1,363.8 6,447.5 825.2 703.2 
Treatments 3 7,410.1* 22,778.7** 25,450.2* 5,831.2* 6,248.2** 
Error 9 1,220.6 727.3 6,461.8 921.7 335.1 
aDegreea of freedom for total, replications, treatments and error for African 
alfalfa were 11, 3, 2 and 6, respectively. 
•it-Exceeds the 5'X level of significance. 
**Exceeds the 1% level of significance. 
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Table I4.O. Average deviation in grams of total dry matter per 
plot for each legume grown in combination from one-
half its yield grown alone, and of the associated 
legume in the same combination from its half-yield 
when grown alone at Kanawha in 1956 
Legumes grown Associated legumes 
in combination African Ranger Madrid Kenland Ladino 
African alfalfa 
Associated legumes 































Kenland red clover 
Associated legumes 










Ladino white clover 
Associated legumes 










«Exceeds the 5$ level of significance. 
««-Exceeds the 1% level of significance. 
alone. 
The competitive relationships existing in the 1957 green 
manure test at Kanawha are evaluated in Tables Ip. through 43. 
As shown in Table }±ls individual component yields of the dif­
ferent legumes did not vary as greatly as in earlier tests. 
Analysis of variance (Table 42) indicated no significant yield 
differences among individual components and half yields in 
% 
Table Ip.» Yield of total dry matter (tops plus roots) in 
grams per plot of five legumes grown in association 
and one-half their yield when grown alone at Kanaw­
ha in 1957 
Associated legumes 
Legume Afric an Ranger Madrid Kenland Ladino 
African alfalfa 82a 164 217 
Hanger alfalfa 8?a 76 99 177 
Madrid sweetclover 272 277a 392 390 
Kenland red clover 85 109 55 131a 
Ladino white clover % 20 15 62a 
aOne-half of the total yield when grown alone. 
four of six legumes studied. 
As shown in Table 43, only African alfalfa and" Ladino 
white clover exhibited significant competitive effects. The 
yields of African when grown with Kenland red clover or Ladino 
white clover were significantly greater than its half-yield 
when grown alone. Similarly,, a highly significant difference 
was noted between the yield of the Ladino component of each 
association in which it was contained and the half-yield of 
Ladino grown alone. In this study, only one association, the 
African-Ladino combination, showed a net gain value that was 
overcompensating. 
Somewhat comparable results were noted in the Ames ex­
periment conducted in 1957. As shown in Table 44* individual 
component yields of the different legumes varied somewhat 
Table 42. Analysis of variance of total dry matter yield data in grams per plot 
of five legumes grown in association and one-half their yield when 















Replications 2 1,603.0 3,333.6 25,239.1 53.6 192.6 
Treatments 3 13,879.0** 6,280.8 13,547.3 3,144.3 1,565.6** 
Error 6 1,932.0 1,701.2 4,519.4 998.6 158.5 
D^egrees of freedom for total, replications, treatments, and error for African 
alfalfa were 8, 2, 2 and 4» respectively. 
**Exceeds the 1% level of significance. 
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Table 43. Average deviation in grams of total dry matter per 
plot for each legume grown in combination from one-
half its yield grown alone and of the associated 
legume in the same combination from its half-yield 
when grotm alone at Kanawha in 1957 
Legumes grown Associated legumes 
in combination African Ranger Madrid Kenland Ladino 
African alfalfa 
Associated legumes 




























Kenland red clover 
Associated legumes 










Ladino white clover 
Associated legumes 










""Exceeds the- 5$ level of significance. 
**Exceeds the 1% level of significance. 
less than in earlier tests. Analysis of variance shown in 
Table 45 revealed significant yield differences among indi­
vidual components and half-yields only in the case of Madrid 
sweetclover. In this test, the Ranger-Madrid combination was 
overcompensating, and the Ranger-Ladino combination was 
antagonistic. 
When the results of all five tests are considered 
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Table 44» Yield of total dry matter (tops plus roots) in 
grams per plot of five legumes grown in association 
and one-half their yield when erown alone at Ames 
in 1957 
Associated legumes 
Legume African Ranger Madrid Kenland Ladino 
African alfalfa 26* 27 23 
Ranger alfalfa 25* 15 13 13 
Madrid sweetclover 277 191* 277 274 
Kenland red clover 120 90 19 59* 
Ladino white clover 37 23 6 45a 
aOne-half of the total yield when grown alone. 
collectively, it was evident that statistically significant 
competitive effects were present in many of the two-legume 
combinations tested. In general, competitive effects were 
more evident in 1955 and 1956 than in 1957» More favorable 
moisture conditions no doubt were at least partially respon­
sible. Light was considered important in the performance of 
Kenland red clover and Ladino white clover when grown with 
the alfalfas and sweetclover since shading was evident in 
each experiment. 
Listed in their order of average competitive ability, 
the legumes were Madrid sweetclover, the alfalfas, Kenland 
red clover, and Ladino white clover. 
Of the 35 individual associations studied for three 
years at the two locations, 12 combinations were overcompen-
Table 45. Analysis of variance of total dry matter yield data in grains per plot of 
five legumes grown in association and one-half their yield when grown 














Total ' 15 
Replications 3 3.2 279.7 2,614.1 7,432.2 454.6 
Treatments 3 15.2 132.1 7,273.7* 7,480.3 1,148.2 
Error 9 263.7 78.1 1,697.0 2,388.8 373.0 
aDegrees of freedom for Total, Replications, Treatments and Error for African 
alfalfa were 11, 3, 2 and 6, respectively. 
E^xceeds the level of significance. 
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Table I4.6. Average deviation in grams of total dry matter per 
plot for each legume grown in combination from one-
half its yield grown alone, and of the associated 
legume in the same combination from its half-yield 
when grow alone at Ames in 1957 
Legumes grown Associated legumes 
in combination African Hanger Madrid Kenland Ladino 
African alfalfa 
Associated legumes 































Kenland red clover 
Associated legumes 










Ladino white clover 
Associated legumes 










«Exceeds the level of significance. 
**Exceeds the 1% level of significance. 
sating, 20 were compensating, two were mutually beneficial, 
and one was antagonistic. Thus, it appeared that the pre­
dominant reaction of legume see dings to competition was that 
of a compensating relationship, with mutually beneficial or 
antagonistic effects being of minor importance. The over-
compensating effects were always due to strong competition of 
the alfalfas or Madrid sweetclover. 
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In comparing the dry matter and nitrogen yields of the 
different legumes grown alone with the results of the fore­
going evaluation of competitive effects, it appears that a 
positive relationship existed between the yielding ability 
of a particular legume when grown alone and the competitive 
ability of that legume when grown in association with other 
legumes. For example, Madrid sweetclover excelled in dry 
matter and nitrogen production and also exhibited the strong­
est competitive influences. Likewise, Ladino white clover 
was consistently low in dry matter and nitrogen yields when 
grown alone, and was the poorest competitor when grown in 
association with other legumes. 
Corn Response Experiments 
Grain yields 
Total nitrogen additions, plant populations, leaf nitro­
gen percentages (except in 1956) and grain yields from the 
various response experiments are presented in Tables ij.7 
through 5l. Analyses of variance of grain yield and leaf 
nitrogen percentage data are shown in Tables 52 and 53» 
respectively. Analysis of variance revealed no significant 
differences in plant populations among treatments in any of 
the com response experiments. In view of the small varia­
tions between treatments and the relatively high stand levels, 
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Table 47. Nitrogen additions, plant populations and grain 
yields of first-year corn grown at Kanawha in 
1956 








Indian alfalfa 145.9 15.9 80.2 
African alfalfa (A) 140.1 15.6 72.5 
Ranger alfalfa (R) 103.1 15.8 63.9 
Madrid sweetclover (M) 121.0 15.6 93.4 
Kenland red clover (K) 81.5 15.5 82.2 
Ladino white clover (L) 62.7 15.9 75.6 
R-L 107.3 15.7 78.4 
A-L 112.6 16.1 69.5 
R-K 107.5 15.6 72.4 
A-K 135.0 15.8 75.8 
M-L 84.9 15.8 ' 87.4 
M-K 102.7 15.9 79.9 
R-M 125.1 15.6 69.8 
R-M-K 103.5 15.4 74.8 
R—M—L 111.9 15.9 72.7 
A-M-K 112.9 15.6 71.9 
A-M-L 119.3 15.9 83.4 
R—M—K—L 91.8 3.5.4 79.4 
A—M—K—L 105.1 15.8 78.7 
Check 15.6 60.1 
33.5-0-0 25 15.7 86.2 
33.5-0-0 50 15.4 96.6 
33.5-0-0 75 15.6 91.0 
33.5-0-0 100 15.7 87.6 
L.S.D. 50 level 15.5 
L.S.D. 1% level 20.6 
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it appeared that plant population did not materially influence 
the relative response from the various nitrogen treatments. 
The results of the first-year corn test at Kanawha in 
1956 are shorn in Table 47. Analysis of variance revealed 
highly significant differences among nitrogen treatments for 
grain yield. The findings suggested that available soil 
moisture and nitrogen both limited grain yields, as evidenced 
by the 36 bushel response from the application of 50 pounds 
of inorganic nitrogen and by the fact that the 75 and 100 
pound rates both produced lower yields than did the 50 pound 
rate. This trend was such that the yield response from 100 
pounds of inorganic nitrogen approximated that from the 25 
pound rate. Corn yields following 11 of the 19 green manures 
were significantly greater thai the check yield, when measured 
by the L.S.D. at the five percent level of probability. There 
was little apparent relationship between the nitrogen contri­
bution of a particular green manure and its effect on the fol­
lowing corn yield. The yield of com following Madrid sweet­
clover was higher than that produced by any other legume or 
legume association, indicating the superiority of this legume 
as a green manure. The somewhat lower corn yields following 
the rather high nitrogen additions of the alfalfas may have 
been partially due to deeper root penetration and greater 
moisture depletion by the alfalfa seedings. 
Table I4.8 records the results of the first-year corn 
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Table 48. Nitrogen additions, 
gen percentages and 
grown at Kanawha in 
plant populations, leaf nitro-
grain yields of first-year corn 
1957 
Nitrogen Plant Leaf Grain 
added population nitrogen yield 
(lb./A.) (M/A. ) percentage (Bu./A.) 
Indian alfalfa 87.9 15.7 107.9 
African alfalfa (A) 82.6 15.8 2.74 112.1 
Ranger alfalfa (R) 75.1 15.4 2.64 93.2 
Madrid sweetclover (K) 188.2 15.6 2.82 112.8 
Kenland red clover (K) 47.il- 15.7 2.56 94.7 
Ladino white clover (L) 4O.6 15.6 2.60 96.3 
R-L 58.0 15.5 104.6 
A-L 71.6 15.6 106.8 
R-K 66.9 15.4 97.5 
A-K 80.3 15.6 110.6 
M-L 134.5 15.7 102.0 
M-K 145.4 15.6 111.2 
R-H 145.1 15.6 107.1 
R—M—K 169.8 15.5 109.6 
R—M—L 136.9 15.6 110.4 
A-M-K ULI.O 15.9 104.2 
A-M-L 126.3 15.5 107.0 
R-M-K-L 135.9 15.5 103.5 
A-M-K-L 120.6 15.6 109.4 
Check 15.4 2.39 78.1 
33.5-0-0 25 15.6 2.48 ' 94.2 
33.5-0-0 50 15.7 2.66 106.1 
33.5-0-0 75 15.4 2.75 113.4 
33.5-0-0 100 15.5 2.86 117.3 
L.S.D. level 9.1 
L.S.D. 1% level 12.0 
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experiment at Kanawha in 1957 • Analyses of variance (Tables 
52 and 53) indicated highly significant differences among the 
various nitrogen treatments for yield and leaf nitrogen per­
centage. In this test, each nitrogen treatment resulted in a 
significant yield response, with 100 pounds of inorganic 
nitrogen giving the highest yield. Although African alfalfa 
and Madrid sweetclover produced the greatest.yield responses, 
most green manures produced yields exceeding 100 bushels per 
acre. Even though there was little difference in their 
nitrogen contributions, Indian and African alfalfa produced 
corn yields superior to that of Ranger. Red clover and 
Ladino white clover, which produced the lowest nitrogen yields 
also produced com yields lower than those following other 
green manures. A strong relationship appeared to exist be­
tween the nitrogen additions of the various legumes and the 
leaf nitrogen percentage of the following corn crop. This 
relationship will be evaluated later. 
The nitrogen additions, plant populations, leaf nitrogen 
percentages, and grain yields of the second-year corn test 
at Kanawha in 1957 are shown in Table 49. Analysis of vari­
ance revealed highly significant differences in grain yield 
and leaf nitrogen percentage among the various treatments 
sampled in each instance. 
The yields reported from this test are a measure of 
residual or carry-over effects of legume nitrogen plowed under 
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Table 49. Nitrogen additions, plant populations, leaf nitro­
gen percentages and grain yields of second-year 
corn grown at Kanawha in 1957 
Treatment 
Nitrogen 
added Plant Leaf 
(lb./A.) population nitrogen 




Indian alfalfa 145.9 15.8 102.2 
African alfalfa (A) 14.0.1 15.6 2.71 92.4 
Ranger alfalfa (R) . 103.1 15.6 2.62 102.4 
Madrid sweetclover (M) 121.0 15.5 2.68 96.5 
Kenland red clover (K) 81.5 15.7 2.41 78.3 
Ladino white clover (E) 62.7 15.4 2.47 84.3 
R—L 107.3 15.7 98.3 
A-L 112.6 15.8 9811 
R-K 107.5 15.3 83.1 
A-K 135.0 15.5 ' 97.5 
M-L 84.9 15.7 89.7 
M-K 102.7 15.7 83.9 
R-M 125.1 15.7 98.8 
R-M-K 103.5 15.7 88.8 
R-M-L 111.9 15.8 90.5 
A-M-K 112.9 15.4 93.0 
A—M—L 119.3 15.6 90.2 
R—M—K—L 91.8 15.4 85.7 
A-M-K-L 105.1 15.9 85.8 
Check 15.7 2.24 66.4 
33.5-0-0 25 15.3 2.44- 81.9 
33.5-0-0 50 15.6 2.48 86.7 
33.5-0-0 75 15.4 2.59 99.0 
33.5-0-0 100 15.6 2.66 98.9 
L.S.D. 5$ level 10.6 
L.S.D. I/o level 14.0 
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In 1955 and of inorganic nitrogen side-dressed in 1956, since 
no additional nitrogen was applied in 1957. Pronounced 
residual effects were noted as yields following every previous 
nitrogen treatment were : significantly greater than that of the 
check. Further evidence for the presence of residual response 
was shown by the leaf nitrogen percentage values, which varied 
from 2.24 percent for the check to 2.66 percent for 100 pounds 
of inorganic nitrogen and 2;71 percent for llj.0. pounds of leg­
ume nitrogen contributed by African alfalfa. 
Since the overall mean yield for this second-year experi­
ment was greater than that of the first year test (Table i|7)j 
it was concluded that soil moisture did not influence the 
relative response from the various nitrogen treatments as 
greatly as in the first-year test conducted in 1956. As 
shown in Table 4-9, Indian and Ranger alfalfas, and some of 
the two-component associations produced com yields closely 
approximating or slightly exceeding the yield obtained from 
application of 100 pounds of fertilizer nitrogen. %hen these 
findings are compared with those of the 1957 first-year com 
test at Kanawha, it was evident that legume nitrogen compared 
relatively more favorably with inorganic nitrogen in second-
year evaluations than when the two nitrogen sources were 
compared in terms of first year com production. 
Relative residual value of legume nitrogen appeared to 
exceed that of inorganic nitrogen. This relationship will be 
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Table $0. Nitrogen additions and total grain yield of first 






Total grain yield 
(Bu./A.) 
1956 plus 1957 
Indian alfalfa 145.9 182.4 
African alfalfa (A) 140.1 16k. 9 
Ranger alfalfa (R) 103.1 166.3 
Madrid sweetclover (M) 121.0 189.9 
Kenland red clover (K) 81.5 160.5 
Ladino white clover (L) 62.7 159.9 
R-L 107.3 176.7 
A-K 112.6 167.6 
R-K 107.6 155.5 
A-K 135.0 173.3 
M-L 84.9 177.1 
M-K 102.7 163.8 
R-M 125.1 168.6 
R-M-K 103.5 163.6 
R—M—L 111.9 163.2 
A-M-K 112.9 164.9 
A—M—L 119.3 173.6 
R—M—K—L 91.8 165.1 
A-M-K-L 105.1 164.5 
Check 126.5 
33.5-0-0 25 168.1 
33.5-0-0 50 183.3 
33.5-0-0 75 190.0 
33.5-0-0 100 ' 186.5 
L.S.D. % level 18.9 
L.S.D. 1% level 25.1 
more fully evaluated in a subsequent section. 
A low nonsignificant correlation value (r = 0.13k) indi­
cated no significant relationship between first and second-
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year corn-yields which followed the 1955 green manure study. 
Since two corn crops are commonly included in the rota­
tion in cash grain farming areas, it was of interest to com­
pare the total combined grain production from the two corn 
crops grown at Kanawha in 1956 and 1957. These combined 
yields and the 1955-56 nitrogen additions are presented in 
Table 50. Analysis of variance (Table 52) indicated highly 
significant differences among nitrogen - treatments for total 
two-year grain production. The total grain yields from the 
inorganic nitrogen additions indicated rather large responses 
per pound of nitrogen added. The combined two year response 
from 25, 50 , 75, and 100 pounds of inorganic nitrogen was 
approximately i\2.9 57, 6Ij., and 60 bushels of corn per acre, 
respectively. This high efficiency of applied inorganic 
nitrogen, especially at the 25 and 50 pound rates, suggested 
that the application of fertilizer nitrogen increased the up­
take of soil nitrogen. Noteworthy was the fact that the com­
bined two-year response from Madrid sweetclover closely ap­
proximated that from 75 pounds of inorganic nitrogen, which 
resulted in the highest total two-year grain production. 
Although each nitrogen treatment applied in 1955 and 
1956 resulted in a significant increase in grain production, 
red clover and Ladino clover were inferior to the other leg­
umes grown alone for increasing com yields. Also, it ap­
peared that Indian alfalfa was somewhat superior to African 
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and Ranger alfalfas in terms of total com production, since 
it showed a yield advantage of 17.5 and 1 6.1 bushels per acre, 
respectively, over these two alfalfa varieties. Total corn 
production following most other green manure treatments was 
in the general range of 163 to 177 bushels per acre. A sig­
nificant correlation value (r — 0.kl2) indicated that the 
total two-year grain production was related to the nitrogen 
additions of 1955 and 1956. This rather- low value for "r", 
however, precludes predictions. 
The results of the second-year corn response experiment 
conducted at Ames in 1957 are presented in Table 5l. The 
findings of this test must be considered with caution, since 
the first-year corn crop in 1956 failed because of drought. 
Mo grain harvest was made and all the stalk growth was plowed 
under in the fall. Ho nitrogen was applied in 1957. As 
shown in Table $1, marked residual effects were noted as evi­
denced by the data on grain yield and leaf nitrogen percent­
age. Analysis of variance revealed highly significant dif­
ferences among treatments for both grain yield and leaf 
nitrogen percentage. The relatively wide spread in grain 
yield between the two lower and two higher rates of inorganic 
nitrogen suggested a higher percentage of carry-over at the 
higher rates. 
As was the case in other response experiments, Kenland 
red clover and Ladino white clover proved to be inferior to 
100 
Table £l. Nitrogen additions, plant populations, leaf nitro­
gen percentages and grain yields of second-year 
corn grown at Ames in 1957 
Treatment 
Nitrogen 
added Plant Leaf Grain 
(lb./A.) population nitrogen yield 
1955-56 (M/A.) percentage (Bu./A.) 
Indian alfalfa 72.5 15.3 108.7 
African alfalfa (A) 69.6 15.7 2.76 106.3 
Ranger alfalfa (R)_ 32.6 15.7 2.73 105.0 
Madrid sweetclover (M) 138.9 15.5 2.82 108.8 
Kenland red clover (K) ... %.0 .... 15.3 2.65 ' 99.3 
Ladino white clover (L) 12.6 15.4 2.76 94.3 
R-L 42.4 i5.li- 110.2 
A-L 45.1 15.7 100.8 
R-E 4L.6 15.5 110.4 
A-K 3#.4 15.3 99.4 
M-L 98.2 15.3 107.6 
M-K 95.9 15.8 109.9 
R-M 102.li 11}..9 112.3 
R-H-K 98.0 ' 13.8 111.8 
R-M—It 105.1 15.2 100.8 
A-M-K 10k. 1 15.5 108.3 
A-M-L 114.0 15.3 106.5 
R-M-K-L 85.5 15.2 110.1 
A-M-K-L 77.1}- 15.1}- 111.5 
Check 15.7 2.50 83.6 
33.5-0-0 25 15.2 2.63 92.5 
33.5-0-0 50 15.5 2.75 95.6 
33.5-0-0 75 15.8 2.87 111.3 
33.5-0-0 100 15.7 2.90 112.8 
L.S.D. 5% level 11.1 
L.S.D. 1% level 14.8 





















Replications 3 1,931.1 164.4 2,037.7 3,921.8 471.0 
Treatments 23 32^ .0** 298.5** 297.1** 704.6** 232.4** 
Error 69 121.8 41.2 56.1 180.3 62.3 
**Exceeds the 1 % level of significance. 
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Table 53* Analysis of variance of leaf nitrogen percentage 











Replications 3 0.0346 0.1599 0.0577 
Treatments 9 0.0892** 0.0872** 0.0563** 
Error 27 0.0082 0.0066 0.0114 
«-«-Exceeds the Vfo level of significance. 
the other legumes grown alone in terms of increasing corn 
yields, probably because of their relatively low nitrogen 
contributions. Although Indian and African alfalfa exceeded 
Hanger in their nitrogen contributions, corn yields following 
these three alfalfa varieties differed very little. Most of 
the legume associations produced com yields in the range of 
100 to 110 bushels per acre, with no significant differences 
among them. 
The findings of the com response test conducted in 1957 
at Kanawha to compare the com producing value of Israel and 
Eubam sweetclover and mammoth red clover green manures are 
presented in Table 54» Since this test was conducted inde­
pendently from but adjacent to the regular green manure study 
reported in Table lj.8, only general comparisons can be made 
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Table 54» Nitrogen additions, plant populations and grain 
yields of first year corn grown at Kanawha in 
1957 following three legume green manures 
Nitrogen Plant Grain 
Legume treatment added population yield 
(lb./A.) CM/A.) (BU./A. ) 
Israel sweetclover 86.9 l5»7 111.8 
Hub am sweetclover 40*4 l5«0 98.2 
Mammoth red clover 64.9 l5«3 98.5 
Analysis of variance of grain yield data 
Source of 
variation D>F> Mean square 
Total 11 
Replications 3 54*56 
Treatments 2 238.6** 
Error 6 18.47 
**Exceeds the 1% level of significance. 
between the two individual experiment s. 
As indicated by the highly significant treatment mean 
square from analysis of variance, the 87-pound nitrogen con­
tribution of Israel sweetclover produced a significantly 
higher corn yield than did the 40 pounds of nitrogen per acre 
contributed by Hubam sweetclover. The 111.8-bushel yield 
of com following Israel sweetclover compared favorably with 
the 112.8 mean yield following Madrid sweetclover in the 
larger green manure study. These data confirm the earlier 
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conclusions from nitrogen yield data that although Israel 
sweetclover exceeds Hub am. in terms of dry matter and nitrogen 
yields and following com yields, neither annual sweetclover 
possessed the overall green manuring value of biennial sweet­
clover. 
As measured by yields of grain following different 
nitrogen treatments, it was evident that com yields following 
the various green manure treatments, with the exception of 
Kenland red clover and Ladino "white clover, compared very 
favorably with those produced by 50 pounds or more of inorgan­
ic nitrogen. In most instances the superiority of Madrid 
sweetclover as a green manure was upheld, but the data also 
suggests that the non-hardy alfalfas possess considerable 
green manuring value. 
As indicated by the relative yield responses from legume 
and fertilizer nitrogen at Kanawha in 1956, soil moisture 
availability can greatly influence the yields of grain crops 
following legumes. 
Inorganic-green manure nitrogen comparisons 
In the previous section, a general evaluation of legume 
and fertilizer nitrogen was presented. It was noted that 
most green manures compared favorably with an inorganic 
nitrogen source in terms of corn yields. That evaluation, 
however, did not measure the actual value of legume nitrogen 
in terms of fertilizer nitrogen, nor did it compare the 
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relative availability of the two nitrogen sources, both of 
which were considered important in the overall objectives of 
the study. 
The relative value of green manure and inorganic nitro­
gen will be compared by two methods. The first involves the 
estimation of the value of a particular green manure in terms 
of inorganic nitrogen. A second method of evaluation involves 
regression analysis of leaf nitrogen percentage data and the 
calculation of the availability ratio of the two nitrogen 
sources. This procedure was based on a method of fertilizer 
evaluation proposed by White ejb al. (113) • 
In order to determine the crop producing value of a 
particular green manure in terms of inorganic nitrogen, the 
inorganic nitrogen equivalent of that particular legume in a 
particular response test was estimated. This term may be 
defined as that quantity of inorganic nitrogen expressed in 
pounds per acre required to produce a corn yield identical to 
that produced by the green manure treatment in question. The 
inorganic nitrogen equivalents were estimated by graphic 
solution of the curvalinear regressions used to fit the in­
organic nitrogen response data from each corn response exper­
iment. In all experiments, except the Ames test in 1957, only 
the linear and quadratic effects were significant. Therefore, 
curvalinear regression, including the linear and quadratic 
effects, was used to fit the inorganic response data in each 
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instance except for the Ames 1957 test. The values cal­
culated for each response curve referred to the proportion of 
the treatment sum of squares that was accounted for by sta­
tistical model used in each case. If a particular green 
manure treatment resulted in a com yield identical to that 
produced by $0 pounds per acre of inorganic nitrogen, that 
green manure would have an inorganic nitrogen equivalent of 
50 pounds per acre. 
Also in each experiment the ratio of the inorganic 
nitrogen equivalent to the total nitrogen addition (tops plus 
roots) was calculated for each green manure treatment. This 
ratio was not intended to imply the concept of efficiency, 
although it could be construed in that direction. A ratio of 
1.00 would indicate that a pound of green manure nitrogen was 
equal to a pound of inorganic nitrogen in producing the corn 
yield at which the inorganic nitrogen equivalent was estimated. 
The inorganic nitrogen equivalents, nitrogen additions, 
and the ratio of these two values in the first-year com ex­
periment at Kanawha in 1956 are presented in Table 55» The 
inorganic nitrogen response curve and the regression equation 
from which the inorganic nitrogen equivalents were obtained 
is shown in Figure 1. 
As previously noted, the nature of the response curve 
indicated that soil moisture was an important limiting factor 
in the growth and development of the 1956 com crop at 
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100 - Y= 61.5+ I.10II4N-0.0086I17N2 
R2= 0.9537 
0 25 50 75 100 
NITROGEN ADDED, LB./A. 
Figure 1. Regression of grain yield on inorganic nitrogen 
additions to first-year com at Kanawha in 1956 
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Table 55. Inorganic nitrogen equivalents of legumes and 
legume associations grown at Kanawha in 1955 









added (N) iAT 
Indian alfalfa 20 145.9 0.14 
African alfalfa (A) 10 140.1 0.07 
Ranger alfalfa (R) 
(M) 
2 103.1 0.02 
Madrid sweetclover 45 121.0 0.37 
Kenland red clover (K) 21 81.5 0.26 
Ladino white clover (L) 14 62.7 0.22 
R-L 17 107.3 0.16 
A—L 7 112.6 0.06 
R-K 9 107.5 0.08 
A-K 15 135.0 0.11 
M-L 32 84.9 0.38 
M-K 20 102.7 0.20 
R-M 7 125.1 0.06 
R-M-K 13 103.5 0.13 
R—M—L 11 111.9 0.10 
A-M-K 9 112.9 0.08 
A—M—L 25 119.3 0.21 
R—M—K—L 19 91.8 0.21 
A—M—K—L 19 105.1 0.18 
Mean 17 109.2 0.16 
aInorganic nitrogen equivalents were obtained by graphic 
solution for ET in t£e equation Y = 61.49 * l.lOllijJT -
0.0086117N , where T was the corn yield following a particular 
green manure treatment. 
Kanawha. Further evidence of the importance of soil moisture 
as it influenced yield responses was shown by the low inorgan' 
ic nitrogen equivalents in Table 55» The estimated inorganic 
nitrogen equivalent for Madrid sweetclover of 45 pounds per 
acre exceeded that of all other legumes or legume associa-
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120 -Y=78.lt 0.7232 N-0.003325N 
O 
y 
NITROGEN ADDED, LB./A. 
Figure 2. Regression of grain yield on inorganic nitrogen 
additions to first-year com at Kanawha in 1957 
110 
tions• With the exception of the Madri d-Ladino association, 
Madrid also had the highest ratio of the inorganic nitrogen 
equivalent to the nitrogen addition in 1955« Following 
Madrid sweetclover was Eenland red clover and Indian alfalfa 
with inorganic nitrogen equivalents of 21 and 20 pounds per 
acre, respectively» In this response test, the crop producing 
value of Ranger alfalfa was equivalent to that of only two 
pounds of inorganic nitrogen per acre. The overall mean in­
organic nitrogen equivalent of 17 pounds indicated a rather 
low average value of green manure nitrogen, and a value of 
0.16 for the mean ratio of inorganic nitrogen equivalents to 
the nitrogen additions indicated a low value of green manure 
nitrogen in relation to the amount added in 1955• 
An evaluation of green manure nitrogen grown in 1956 at 
Kanawha as measured "by the first-year com crop in 1957 is 
presented in Table 56. The accompanying response curve for 
inorganic nitrogen is shown in Figure 2. As noted by the 
lack of scatter and higjh R^  value, a nearly complete fit of 
the data was obtained. 
The inorganic nitrogen equivalent of 71 pounds per acre 
for Madrid sweetclover exceeded that of any other green 
manure treatment. The inorganic nitrogen equivalent for 
Ranger alfalfa was lower than that for the remaining treat­
ments and was somewhat lower than the values obtained for 
Indian and African alfalfas even though their nitrogen 
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Table 56. Inorganic nitrogen equivalents of legumes and 
legume associations grown at Kanawha in 1956 
as determined by first-year com yields in 1957 
Legume or 
association 
Inorganic nitrogen Nitrogen 
equivalent (I)a added (N) I/S 
Indian alfalfa 56 87.9 0.64 
African alfalfa (A) 68 82.6 0.82 
Ranger alfalfa (R) 22 75.1 0.29 
Madrid sweetclover (M) 71 188.2 0.38 
Kenland red clover CK) 26 474 0.55 
Ladino white clover (L) 27 40.6 0.66 
R-L 48 58.0 0.83 
A-L 53 71.6 0.74 
R-K 31 66.9 0.46 
A-K 65 80.3 0.81 
M-L 41 134.5 0.30 
M-K I 145.4 0.44 R-K 145.1 0.35 
R-H-K 61 169.8 0.36 
R-M-L 61 136.9 0.45 
A-M-K 45 141.O 0.32 
A-M-L 5i 126.3 0.40 
R—M—K—L a 135.9 0.32 
A—M—K—L 59 120.6 0.49 
Mean 50 108.1 0.46 
aïnorganic nitrogen equivalents were obtained by graphic 
solution for ST in $he equation f = 78.14 + 0*7232N" -
0.003325n2, where T was the corn, yield following a particular 
green manure treatment. 
additions did not vary greatly. Kenland red clover and 
Ladino white clover had lower values than most other treat­
ments, with 26 and 27 pounds per acre, respectively. 
As in the first-year corn test in 1956, a great deal of 
variation existed among the inorganic nitrogen equivalents 
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estimated for the various green manure treatments. The over­
all range was from 22 to 71 pounds with a mean of 50 pounds 
per acre. The value of legume nitrogen in relation to the 
original addition was somewhat higher than in the 1956 test 
as shown by the mean ratio of inorganic nitrogen equivalents 
to nitrogen additions of 0.46. 
The inorganic nitrogen equivalents and ratios of inor­
ganic nitrogen equivalents to nitrogen additions for the 
green manures grown at Kanawha in 1955 and evaluated by 
second-year com in 1957 are presented in Table 57* The 
inorganic nitrogen response curve is shown in Figure 3. The 
relative value of legume nitrogen compared with inorganic 
nitrogen was somewhat higgler in this test than in the fir st­
ye air test in 1956 which evaluated the same green manure 
nitrogen additions. This was perhaps due to continued miner­
alization of legume nitrogen after the growth of the first-
year corn crop. As shown in Table 57» the inorganic nitrogen 
equivalent for Indian and Ranger alfalfa exceeded 100 pounds 
per acre by a small but unknown amount since the grain yield 
following these two legumes turned under in 1955 exceeded 
that following 100 pounds per acre of side-dressed nitrogen 
in 1956. The high residual value for Ranger alfalfa was per­
haps partially due to its extremely low Inorganic nitrogen 
equivalent as determined by first-year corn in 1956» although 
the correlation between the first and second-year grain 
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Y = 66.8+0.6006N -0.00272N2 
° 60 
R =0.9715 
0 25 50 75 100 
NITROGEN ADDED, LB./A 
Figure 3« Regression of second year grain yield at Kanawha 
in 1957 on 1956 inorganic nitrogen additions 
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Table 57» Inorganic nitrogen equivalents of legumes and 
legume associations grown at Kanawha in 1955 as 






added (N) I/ST 
Indian alfalfa >100 145.9 >0.68 
African alfalfa (A) 58 140.1 O.41 
Banger alfalfa (R). >100 103.1 > 0.97 
Madrid sweetclover (M) 74 121.0 0.61 
Kenland red clover (K) 21 81.5 0.26 
Ladino white clover (L) 34 62.7 0.54 
E-L 84 107.3 0.78 
A-L 83 112.6 0.74 
B-K 31 107.5 0.29 
A-K 80 135.0 0.59 
M-L 50 84.9 0.59 
M-K 34 102.7 0.33 
B-M 90 125.1 0.72 
R—M—K 48 103.5 0.46 
R—M—L 52 111.9 0.46 
A-M-K 61 112.9 0.54 
A-K-L 51 119.3 0.43 
R—M—K—L 38 91.8 0.41 
A-M-K-L 38 105.1 0.36 
Mean >59 109.2 >0.54 
aIhorganic nitrogen equivalents were obtained by graphic 
solution for F in the equation T = 66.8 + 0»6006H - 0.00272IT2, 
where T was the corn yield obtained following a particular 
green manure treatment. 
yields was very low and nonsignificant» 
The overall mean inorganic nitrogen equivalent for 19 
green manures of approximately 59 pounds per acre cempared 
with the mean value of 17 pounds per acre in the first-year 
test in 1956 indicated a greater relative value of residual 
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legume nitrogen than for fertilizer nitrogen. Likewise, the 
value of legume nitrogen in relation to the original addition 
was much higher. 
As in previous comparisons the inorganic nitrogen equiv­
alent of Madrid sweetclover exceeded those estimated for Ken­
land red clover and Ladino white clover, but was somewhat 
lower than the equivalents estimated for Indian and Ranger 
alfalfa. 
A more critical evaluation of the relative value of green 
manure and fertilizer nitrogen was obtained from the total 
corn production of the first and second-year corn experiments 
at Kanawha in 1956 and 1957• The results of this evaluation 
are presented in Table 58 and the inorganic nitrogen response 
curve is shown in Figure !{.. As was expected, the magnitude of 
the inorganic nitrogen equivalents for the various green ma­
nure treatments when evaluated on the basis of total grain 
production was intermediate between the values estimated for 
each individual year. 
The mean inorganic nitrogen equivalent for the 19 green 
manure treatments was 31 pounds per acre, with a range of 21 
for Ladino clover to 61 for Madrid sweetclover. The relative 
extent of variation among treatments was less than in other 
evaluations where the data of a single year was used. For 
example, when the legume green manure treatments grown at 
Kanawha in 1955 were evaluated in terms of first-year com in 
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200R Y = I28.2+ I.7044N-0.0II36N2 
^ I 90 
> 160 
O 140 
i -  1 2 0  
R 2 =  0 . 9 8 8 1  
1 1 
0 25 50 75 100 
NITROGEN ADDED, LB./A. 
Figure !{.» Regression of total corn production from first 
and second-year com at Kanawha in 1956 and 1957 
on inorganic nitrogen additions of 1956 
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Table 58. Inorganic nitrogen equivalents of legumes and 
legume associations grown at Kanawha in 1955 as 
de te rained "by total (1956 plus 1957) com pro­
duction 
Legume or Inorganic nitrogen ffitrogen , 
association equivalent (I)a added (ID 1/8 
Indian alfalfa 47 145.9 0.32 
African alfalfa (A) 26 140.1 0.19 
Ranger alfalfa (R) 28 103.1 0.27 
Madrid sweetclover (M) 61 121.0 0.50 
Kenland red clover (K) 23 81.5 0.28 
Ladino white clover (L) 22 62.7 0.35 
R-L 40 107.3 0.37 
A-L 29 112.6 0.26 
R-K 19 107.5 0.18 
A-K 36 135.0 0.27 
M-L 40 84.9 0.47 
M-K 25 102.7 0.24 
R-M 31 125.1 0.25 
R-M-K 25 103.5 0.24 
R-M-L 25 111.9 0.22 
A-M-K 26 112.9 0.23 
A-M-L 37 119.3 0.31 
R—M—K—L 27 91.8 0.29 
A-M-K-L 26 105.1 0.25 
Mean 31 109.2 0.28 
Inorganic nitrogen equivalents were obtained by graphic 
solution for IT in/the equation T = 128.27 + 1.7044^  -
0.01136B&, where T was the corn yield obtained following a 
particular green manure treatment. 
1956, second-year corn in 1957, or by combined two-year corn 
production, the highest inorganic nitrogen equivalent was on 
the order of 22, five, and three times the lowest value, 
respectively. 
As was the case in the evaluation utilizing first-year 
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corn in 1956, Madrid sweetclover had the highest inorganic 
nitrogen equivalent and the highest ratio of the inorganic 
nitrogen equivalent to the original nitrogen addition, both 
of which indicate the superiority of this legume as a green 
manure. 
Table 59 records the inorganic nitrogen equivalents ob­
tained frcm second-year corn yields following the 1955 green 
manure study at âmes. The inorganic nitrogen response curve 
from which the inorganic nitrogen equivalents were obtained 
and the equation involved are shown in Figure 5* As indi­
cated by the value of 1.00 in Figure 5» this curve was 
fitted to the data without error. This was done algebraically 
by solving four simultaneous equations. This method of char­
acterizing the data was used in order that the higgler percent­
ages of carry-over at the higher rates would not be masked, 
and to avoid the obvious dangers of fitting linear regression 
to yield data, even though only the linear effect was statis­
tically significant. 
As shown in Table 59, higher values for the inorganic 
nitrogen equivalent of the various legumes were obtained in 
this experiment than in any previous evaluation. The range 
was from 38 to 94 pounds per acre with a mean of 68 pounds 
per acre. As in most other tests, Ladino white clover showed 
the lowest inorganic nitrogen equivalent, and the highest 
value of 94 pounds per acre was estimated for the Hanger-
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Table 59* Inorganic nitrogen equivalents of legumes and 
legume associations grown at Ames in 1955 as 
determined by second-year corn yields in 1957 
Legume or 
association Inorganic nitrogen 
equivalent (l)a 
Nitrogen 
added (IT) iA 
Indian alfalfa 71 72.5 0.98 
African alfalfa (A) 67 69.6 0.96 
Ranger alfalfa (R) 
(M) 
65 32.6 1.99 
Madrid sweetclover 71 138.9 0.51 
Kenland red clover CK) 56 24.0 2.33 
Ladino white clover (D 38 12.6 3.02 
R-L 73 42.4 1.72 
A-L 59 45.1 1.31 
R-K 73 ij4.6 I.64 
A-K 56 38.4 1.46 
M-L 69 98.2 0.70 
ÏÏ-K 72 95.9 0.75 
R-M 82 102.4 0.80 
R-M-K 94 98.0 0.96 
R—M—L 59 105.1 0.56 
A—M—K 70 104.1 0.67 
A-H-L 67 114^ 0 0.59 
B-M-K-L 73 85.5 0.85 
A—M—K—L 76 77.4 0.98 
Mean 68 74 0.92 
aInorganic nitrogen equivalents were obtained by graphic 
solution for H in the equation Y = 833,6 + 1.1890H - 0.05395^  
+ 0.0009509^ 3 — 0.00000503154# where Y was the corn yield fol­
lowing a particular legume. 
Madrid-Ladino association which had a nitrogen contribution 
in 1955 of 98 pounds per acre. 
Of special interest in this evaluation was the high in­
organic nitrogen equivalent values in relation to the original 
nitrogen addition as indicated by a value of 0.92 for the 
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Figure 5« Yields of second-year corn at Ames in 1957 from 
five levels of nitrogen side-dressed in 1956 
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ratio of the mean inorganic nitrogen equivalent to the mean 
nitrogen addition. In general, the relative magnitude of 
this ratio increased with a decrease in the amount of nitrogen 
added. Extreme examples were red clover and Ladino white 
clover which had inorganic nitrogen equivalent values 2.33 
and 3*02 times the amount of nitrogen added in 1955» respec­
tively. Similarly, Madrid sweetclover showed the lowest in­
organic nitrogen equivalent in relation to the original 
nitrogen addition. 
The relatively high inorganic nitrogen equivalents and 
the high ratios of this estimated value to the original 
nitrogen additions obtained from this experiment may have 
been caused by: three factors. First, harvest of the 1955 
green manure study was not completed until Nov. 2, somewhat 
later than in all other tests. This late harvest date would 
tend to increase the tendency of the true nitrogen contribu­
tion of the various green manures to have been underestimated. 
Leaf fall, loss of nodules, and possible nitrogen excretion 
would be important in this regard. Secondly, the legume 
nitrogen produced in 1955 was not evaluated until 1957» Thus 
more time for microbial decomposition and mineralization of 
nitrogen was available than in evaluations based on first-
year corn. A third possible factor was the failure of the 
1956 corn crop because of drought. No grain was harvested 
from the experimental area in 1956, and all the stalk growth 
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was plowed under, 
A second method of comparing the relative value of 
green manure and inorganic fertilizer nitrogen involved con­
current regression of corn leaf nitrogen percentage date on 
nitrogen additions for each of the two nitrogen sources. The 
basic concepts involved were presented by "White et al, (113) 
who utilized the ratio of the regression coefficients from 
the concurrent regression of nutrient yield on nutrient addi­
tion for two sources of the same nutrient to characterize the 
relative availability of the two carriers. The resulting 
ratio was teraed the availability coefficient. In the present 
study, the same basic procedure was used, except that corn 
leaf nitrogen percentage data were used in place of nitrogen 
yield data, Nitrogen yield data would have been more satis­
factory, since the nitrogen percentage is only one of the 
components of nitrogen yield. This proposed method of evalu­
ation has validity, though, in that it does compare the 
nitrogen availability for com production from two nitrogen 
sources. Leaf samples were taken only in 1957» All regres­
sions were calculated on individual observations with only 
the means shown on the graphs. Only African and Hanger 
alfalfas, Madrid sweetclover, Kenland red clover, and Ladino 
white clover treatments were sampled. Therefore, rates of 
legume nitrogen additions were confounded with genotype. 
The ratio of the availability of inorganic nitrogen to 
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that of green manure nitrogen was determined by dividing the 
regression coefficient ("b" value) for inorganic nitrogen 
by the regression coefficient for green manure nitrogen. The 
value obtained for such an evaluation using first year corn 
at Kanawha was 3*08 as shown in Figure 6. A test of homo­
geneity of the regression coefficients as outlined by Ostle 
(82) presented in Table 60 indicated that the two regression 
coefficients differed at the one percent level of probability. 
The calculated availability ration may be interpreted to mean 
that in this particular com response test a pound of inorgan­
ic nitrogen was approximately three times as effective as a 
pound of green manure nitrogen for increasing nitrogen avail­
ability as determined by foliar analysis. 
The fact that the two individual regression lines crossed 
to the right of the Y-intercept indicated a greater availabil­
ity of legume nitrogen at low rates and a lower availability 
at hitler rates compared with inorganic nitrogen. Theoreti­
cally, of course, both regressions must have the same Y-
intercept. The horizontal distance through which the legume 
nitrogen regression line must be moved in order that it 
intercepts the Y-axis at the same point as the inorganic 
regression line represents a mean effect of legume nitrogen 
in increasing the nitrogen percentage of the com leaf that 
was not accounted for in the field and laboratory procedures 
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Figure 6. Regression of leaf nitrogen, percentage of first-
year corn at Kanawha in 195>7 on inorganic and 
legume nitrogen additions 
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treatments. As shown "by the projected broken line to the 
X-axis in Figure 6, this value for the present experiment was 
90 pounds per acre. That is, legume nitrogen was found to 
have an effect on nitrogen availability equivalent to approxi­
mately 90 pounds per acre that was not accounted for in the 
detemination of nitrogen yields. This increment of "free* 
nitrogen may have accumulated through the effects of possible 
excretion, nodule slough-off, failure to recover all the 
roots at harvest time and leaf fall. 
As noted in Figure 6, the correlation between com leaf 
nitrogen percentage and nitrogen additions was highly sig­
nificant for both nitrogen sources. 
t 
Figure 7 shows the regression of corn yield on nitrogen 
percentage in com leaves for the two nitrogen sources in the 
first year com experiment at Kanawha in 195>7. An F-test to 
test the homogeneity of the two regression lines (if one line 
could be used for all observations) using the procedure sug­
gested by Ostle (82) shown in Table 61 revealed no significant 
difference between these two regressions. Therefore, nitrogen 
source did not influence grain yield at a given nitrogen per­
centage, suggesting that once a com plant has taken up a 
given quantity of nitrogen and has metabolized it the source 
of that nitrogen is of little consequence when evaluated in 
terms of leaf nitrogen percentage. 
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Figure 7. Regression of grain yield on nitrogen percentage 
of corn leaves for first-year com at Kanawha 
in 1957 
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"bushel increase in grain yield for an increase of one-tenth 
percentage of leaf nitrogen. The correlation between grain 
yield and leaf nitrogen percentage for both sources of nitro­
gen exceeded the one percent level of significance. 
An evaluation of the relative value of green manure and 
inorganic nitrogen utilizing data from the second-year com 
test at Kanawha in 1957 is shown in Figure 8. No significant 
difference was found between the two regression coefficients, 
although the availability ratio indicated a relative avail­
ability of inorganic nitrogen twice that of legume nitrogen. 
In this response test an effect on nitrogen availability 
equivalent to approximately 50 pounds of legume nitrogen was 
not accounted for in the determination of nitrogen yields* 
Although the correlation between corn leaf nitrogen percent­
age and nitrogen addition was highly significant for inorganic 
nitrogen, no significant relationship between these two vari­
ables was noted for legume nitrogen. 
The regression of grain yield on com leaf nitrogen per­
centage for the two nitrogen sources in the second-year com 
test at Kanawha is shown in Figure 9. As indicated in Table 
61, one regression line could have been used for all observa­
tions, indicating no meaningful differences between the two 
nitrogen sources in the yield response from a given quantity 
of metabolized nitrogen as measured by foliar analysis. 
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Figure 8. Regression of leaf nitrogen percentage of second-
year corn at Kanawha in 1957 on inorganic and leg-
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Figure 9» Regression of grain yield on nitrogen percentage 
of corn leaves for second-year com at Kanawha 
in 1957 
130 
percentage was highly significant for both nitrogen sources, 
although the relationship appeared to be closer for inorganic 
nitrogen. In this experiment, an increase in one-tenth per­
cent of leaf nitrogen was associated with an eight and six 
bushel grain yield increase for inorganic and le gome nitrogen, 
respectively. 
An estimation of the relative value of green manure and 
inorganic nitrogen using the second year corn crop at Ames as 
a basis of evaluation is shown in Figure 10. The legume 
nitrogen evaluated was turned under in 1955 and the inorganic 
nitrogen was side-dressed in the first year corn crop in 1956. 
The availability ratio indicated the relative nitrogen 
availability of inorganic nitrogen to be approximately six 
times that of green manure nitrogen. As shown in Table 60, 
the two regression coefficients differed at the one-percent 
level of probability. 
In order that both regression lines intercept the Y-axis 
at the same point, a value approximating 250 pounds of nitro­
gen per acre was estimated to represent that amount of effec­
tive legume nitrogen unaccounted for in Held and laboratory 
procedures in the determination of nitrogen yields. The 
large magnitude of the "free" nitrogen agrees with the high 
inorganic nitrogen equivalents and the high ratio of inorganic 
equivalents to nitrogen added in this test which was previous­
ly discussed. The correlation between the nitrogen percentage 
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Regression of leaf nitrogen percentage of second-
year corn at Ames in 1957 on inorganic and legume 
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Figure 11» Regression of grain yield on nitrogen percentage 
of corn leaves for second-year corn at Ames In 
1957 
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in corn leaves and nitrogen addition was highly significant 
for fertilizer nitrogen, but nonsignificant for legume nitro­
gen, indicating a much closer relationship between these two 
variables in the case of inorganic nitrogen than with green 
manure nitrogen. 
Figure 11 shows the regression of grain yield on leaf 
nitrogen percentage for the two sources of nitrogen in the 
second-year corn response test at Ames. As shown in Table 
61, the two regression lines did not differ significantly. 
Thus, in this experiment nitrogen source did not influence 
the relationship between grain yield and leaf nitrogen per­
centage. A one-tenth percentage increase in corn leaf nitro­
gen resulted in a five bushel yield increase for legume nitro­
gen and a six bushel per acre increase for inorganic nitrogen. 
In summarizing the comparisons dealing with the relative 
value of green manure and inorganic nitrogen, it was evident 
that on a pound-for-pound basis of added nitrogen, legume 
nitrogen was less efficient than that from an inorganic 
source. This was indicated by the relatively low inorganic 
nitrogen equivalent values for the various green manures in 
relation to their nitrogen additions, and by the availability 
ratios calculated frcm regression analysis. 
The mean inorganic nitrogen equivalent for green manure 
nitrogen in the individual evaluations ranged frcm 17 to 68 
pounds per acre. The overall mean inorganic nitrogen equiv-
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Table 60. Tests of homogeneity of regression coefficients 
from regression of leaf nitrogen percentages in 


















slopes 36 0.01033 0.024.6 0.0148 
**Exceeds the ]$ level of significance. 
Table 6l. Tests of homogeneity of regression lines from 
regression of grain yield on nitrogen percentage 


















lines 4ob 60.38 63.81 88.57 
a2 (k-1), where k was the number of lines compared. 
T^otal number of observations -2k. 
aient approximated pounds per acre, and the ratio of the 
mean inorganic nitrogen equivalent to the mean nitrogen addi­
tion over all experiments was on the order of 0.47» The 
value of legume nitrogen in second-year, residual evaluations 
more closely approximated that of inorganic nitrogen than in 
first-year comparisons. 
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In the three concurrent regression analyses presented to 
compare inorganic and legume nitrogen, two revealed the slope 
of the inorganic line to be significantly greater than that 
of the green manure nitrogen regression line. The mean 
availability ratio for the two nitrogen sources over the 
three tests was 3*71, indicating that on the average, a pound 
of inorganic nitrogen was 3*71 times as effective as a pound 
of green manure nitrogen in increasing the nitrogen percentage 
of com leaves. 
The nitrogen addition and percentage nitrogen in corn 
leaf samples was highly correlated in most instances, but the 
relationship appeared to be somewhat closer with inorganic 
nitrogen. Regressions of grain yield on leaf nitrogen per­
centage for both nitrogen sources indicated that nitrogen 
source did not influence the relationship between these two 
variables, i.e., the yield response associated with a given 
amount of leaf nitrogen did not vary between the two nitrogen 
sources. For each tenth-percentage increase in com leaf 
nitrogen a five to eight bushel per acre increase in grain 
yield was found over the three experiments. Correlation co­
efficients indicated a stronger relationship between grain 




Since inorganic nitrogen applications have been found to 
Increase phosphorus uptake by corn (13» 41» 60, 111) it was 
considered important in the present study to determine the 
effect of inorganic and green manure nitrogen additions on 
phosphorus uptake by com. Unfortunately leaf samples were 
taken only in 1957* 
As shown in Table 62, the mean phosphorus percentage of 
com leaves following inorganic nitrogen additions was greater 
than that for green manure nitrogen additions. The low values 
for the check treatments in each test suggested that both 
foims of nitrogen increased phosphorus uptake, especially in 
the second-year com test at Kanawha. 
The results from these three experiments do not justify 
any definite conclusions as to the relative effectiveness of 
the two nitrogen sources in Influencing- the phosphorus per­
centage of com leaves. In none of the three tests was the 
overall effect of treatment significant, although significance 
at the five percent level was approached in two of the three 
experiments. 
Available phosphorus was not considered limiting, since 
80 pounds of PgO^  per acre was applied in each com response 
experiment. 
137 
Table 62» Phosphorus percentage of corn leaves sampled from 
selected nitrogen treatments in the 1957 corn 
response tests 
Phosphorus percentage 
Kanawha Kanawha Ame s 
Treatment 1st year 2nd year 2nd year 
African alfalfa 0.315 0.309 0.300 
Banger alfalfa 0.325 0.325 0.300 
Madrid sweetclover 0.317 0.326 0.305 
Kenland red clover 0.312 O.286 0.281 
Ladino white clover 0.295 0.305 0.290 
Check 0.227 0.199 0.283 
25 lb. N 0.330 0.336 0.288 
50 lb. S 0.338 0.373 0.302 
75 lb. S 0.313 0.293 0.305 
100 lb. H 0.359 0.34-9 0.315 
Mean, green manure IT 0.313 0.310 0.295 
Mean, inorganic S8- 0.335 0.338 0.302 
Analysis of variance 
Kanawha Kanawha Ames 
Source of variation D.F, 1st year 2nd year 2nd year 
Total 39 
Replications 3 0.00064 0.01064. 0.00095 
Treatments 9 o. 004.85 0.00881^  
s 0 0 • 0 
Error 27 0.00359 0.00399 0.00021 
&Check was not included. 
bApproached significance at the %% level. 
Soil moisture relationships 
Available soil moisture was determined to a depth of 
five feet in the first-year corn experiment at Kanawha in 
1957 following the check and four legumes grown in 1956. The 
percentages of available moisture for each treatment by six-
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Table 63. Available soil moisture percentages in first-year 
corn at Kanawha in 1957 following selected green 












0- 6 13*3 14.8 14.9 14.5 14.0 
6-12 10.2 10.0 8.4 12.0 14.7 
12-18 8.1 9.5 8.1 10.3 11.3 
18-24 8.7 7.8 6.5 9.4 8.8 
24-30 9.7 7.8 7.0 10.0 10.5 
30-36 10.1 10.4 7.8 11.5 9.8 
36-42 12.4 11.0 8.4 12.0 10.7 
42-48 12.8 11.8 9.2 13.6 10.6 
48-54 15.2 13.4 10.3 15.1 10.9 
54-60 15.2 13.1 10.8 15.0 11.1 
aAvailable moisture percentage was determined by sub­
tracting the wilting percentage from the observed moisture 
percentage for each sample. 
bpour cores per plot were taken June 25 and composited. 
inch depth increments are presented in Table 63» and are 
shown graphically in Figure 12. Analysis of variance (Table 
64) indicated highly significant differences among depths and 
a significant interaction between the treatments sampled and 
depths. As shown in Figure 12, available soil moisture fol­
lowing Madrid sweetclover tended to be less than that follow­
ing the other treatments. This is reasonable since dry matter 
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Table 61}., Analysis of variance of soil moisture data 
Source of variation D.F. Mean squares 
Total 99 
Replications (R) 1 12. 53 
Treatments (T) h 27. 93 
Depths (D) 9 38. 12** 
T x D 36 3. 26* 
Error ks 2. 77 
R x T k 16. 87 
R x D 9 0. 72 
R x T x D 36 1. 71 
«-Exceeds the 5% level of significance. 
««-Exceeds the 1 % level of significance. 
yields of sweetclover far exceeded those of the other legumes. 
The significant treatments x depths interaction suggested 
differential moisture usage by the legumes among the depths 
sampled, which was expected since the rooting habits of the 
four legumes studied were greatly different. 
If more than two replications had been sampled, and/or 
if a greater number of cores per plot were taken, a more 
desirable degree of precision might have been obtained. 
Since moisture samples were taken only once during the 
season, little can be said about the effect of soil moisture 
lij.0 
in the response of the 1957 first-year corn crop to nitrogen 
from different sources. The data suggest that a knowledge of 
the rooting habits and moisture usage of legumes might be of 
value in interpreting the yield responses of corn from addi­
tions of legume and fertilizer nitrogen. 
Figure 12. Available soil moisture to a depth of five feet 
on June 25, 1957 in first-year corn at Kanawha 
following five green manure treatments in 1956 
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Decomposition of Legume Tops and Roots 
An experiment was conducted in the laboratory to study 
the influence of species, particle sizes and plant parts on 
nitrate production frcm leguminous organic matter. In pre­
senting the data, the nitrate production of the check or soil" 
alone treatment (mean of five replications ) was subtracted 
from each observation obtained from the organic matter treat­
ments (replicated three times). This subtraction gave an. 
estimate of the net nitrate production from each legume resi­
due treatment. The net nitrate values should not be con­
strued to be without error, since no measure could be made 
for the tendency for the addition of readily decomposable 
materials to accelerate the decomposition of native soil 
organic matter. 
The net nitrate production from the 19 treatments ex­
pressed as mgm. of nitrate per tube (0.5 gm. leguminous resi­
due per 100 gm. soil) and the nitrate production from 100 
grams of soil for each incubation period is presented in 
Table 6£. The cumulative nitrate production from the check 
soil and the cumulative net nitrate production from the 
alfalfa treatments are shown in Figure 13. The nature of the 
nitrate release curve for the check soil indicated that 
temperature, moisture, aeration or other factors did not 
seriously limit decomposition processes. 
HA 
Table 65# $Tet nitrate production in mgm. per tube from 0.5 
gm. legume tops and. roots of varying particle sizes 
incubated, with 100 gm. soil 
Period of incubatim. days 
Treatment (KÎÔ 10-20 20-30 30-ltQ iiQ-50 50-70 70-100 
Sweetclover roots 
60 mesh -13*4 0.0 4.3 5.0 8.9 3.9 5*6 
<1/12" -13.7 1.3 3.3 5.9 9.9 2.1 5*9 
>1/12* -12.6 
-3.9 -1.8 2.1 8.9 7.0 5*9 
>12/64» -4.9 -3.8 -0.8 2.4 7.7 6.8 4.6 
>io/64x3/4tt 4.5 8.0 1.2 3.0 7.4 5.1 5.3 
Sweetclover tops 
5.6 8.9 5.5 fine» -13.0 -0.7 8.4 3.9 
coarse® 1.2 3.4 4*3 5.2 8.4 4.4 5.9 
Alfalfa roots -
5.8 fine -19.3 2.0 6.4 7.5 9.4 7.7 
coarse -11.3 -0.7 5.3 4.9 11.5 7.0 6.2 
Alfalfa tops 
8.4 6.8 8.1 fine -10.6 0.8 3.3 5.4 
coarse -4.7 5.2 8.4 5.2 8.9 5.7 5.5 
Red clover roots 
fine -19.8 
—1.4 4.3 4.4 7.9 5.5 5.7 
coarse -11.9 
-1.4 —0 .8 3.2 9.4 5.3 3*5 
Red clover tops 
fine -12.3 0.8 7*4 8.2 9.4 4.7 5.7 
doarse -12.2 2.5 7.4 7.7 10.5 6.5 6.5 
Ladino clover roots - -
fine -17.2 o#4 1*2 5.0 9.9 4.9 6.5 
coarse -17*4 
-3.9 —0.8 2.2 9.4 4.1 6.3 
Ladino clover tops -
fine -10.0 1.8 1.2 3.4 6.4 2.6 3.3 
coarse -1.5 3.7 0.2 3.8 7.4 4.0 3.2 
Check6 21.9 9.8 11.0 6.8 2.8 12.4 10.8 
aGround to pass through a 60-mesh screen. 
^Ground to pass through a one-half inch screen# 
^Refers to nitrate production from 100 grams of soil 
(oven dry basis). 
Figure 13 . Cumulative nitrate release from 100 gm. soil 
and the cumulative net nitrate release from 
0.5 gm. alfalfa tops and roots incubated with 
100 gm. soil 
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As shown in Figure 13, the cumulative nitrate release 
frcm alfalfa tops was influenced by particle size. Bit rate 
immobilization of mineral nitrogen was apparent for approxi­
mately 4JL days with the finely ground material, and for only 
20 days with the coarse particle size. Because of a lesser 
degree of nitrate immobilization, the total net nitrate ac­
cumulation after 100 days of incubation for the coarse materi­
al exceeded that of the finely ground tops. As shown by the 
tendency of the two curves to became parallel after 50 days, 
the major differences in nitrate release by the two particle 
sizes evidently existed only in the early stages of decomposi­
tion. Statistical evidence for this relationship of decom­
position over time for all treatments is shown in Table 67* 
With alfalfa roots, little difference was found in the 
cumulative net nitrate release due to particle size, although 
the intensity of immobilization was somewhat greater with the 
finely ground material from 0 to 30 days. Nitrate release 
from roots was less than that from alfalfa tops. 
The cumulative net nitrate release curves for red clover 
and Ladino white clover are shown in Figure lit. In the case 
of red clover, the cumulative nitrate production of the tops 
exceeded that of the roots. The relatively low nitrogen per­
centage of the "coarse" tops suggested a loss of leaves during 
the processing procedures. 
Only small differences in cumulative net nitrate release 
Figure Uj.» Cumulative net release of nitrate from 0»£ gm» 
medium red clover and Ladino white clover tops 
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were found between the two particle sizes of red clover tops, 
but with the roots, the intensity of immobilization in the 
early stages of decomposition was greater with tiie finely 
ground size so that the time required to attain a positive 
net release of nitrate was about 12 days longer than with 
the coarse roots. 
The cumulative net nitrate release curves for Ladino 
clover indicated a greater release for tops than for roots, 
and wide differences due to particle size within both tops 
and roots. As was noted with alfalfa and red clover, the 
curves were approximately parallel after £0 days, again sug­
gesting that the basic differences at importance in decompo­
sition occurred in the early stages. 
As shown in Figure 11}., a reversal in the tendency for the 
finely ground roots to show a greater degree of nitrate im­
mobilization than the coarse materials was noted with Ladino 
clover roots, where the finely ground roots showed consider­
ably less immobilization in terms of intensity and time. In 
fact, the' cumulative net nitrate production of the coarsely 
ground roots approximated zero after 100 days incubation. 
Potential differences in nitrate production due to particle 
size in Ladino clover tops and roots probably were limited by 
the small size of tops and roots in their natural state. 
The cumulative net nitrate release of Madrid sweetclover 
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Figure 15. Cumulative net release of nitrate from 0.5 gnu 
Madrid sweetclover tops and roots incubated 
with 100 gm. soil 
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ically in Figure 15» Met mineralization of nitrate nitrogen 
was found from, the beginning of decomposition in the case of 
coarsely ground tops, but a period approximating I4.O days was 
noted with the finely ground (60 mesh) tops. As shown by the 
spatial relationships between the two curves, the primary 
differences occurred during the first 30 days of decomposi­
tion. 
Of the five different particle sizes of sweetclover roots 
used in the study, only the largest (particles held on a 
10/6%.* x 3An sieve) showed an immediate net mineralization 
of nitrate nitrogen. Among the curves for the remaining four 
sizes of roots no apparent relationship between particle size 
and intensity of immobilization, duration of immobilization 
or the total net nitrate accumulated in 100 days was noted. 
Nitrogen percentage and thus actual nitrogen addition was 
apparently not important in explaining the differences noted 
between the curves in the present study. 
Of particular interest among the sweetclover root treat­
ments were the long periods of nitrate immobilization (from 
43 to 72 days) obtained from organic matter additions con­
taining from 2.70 to 2.77 percent nitrogen. This finding was 
contrary to the commonly held concepts of nitrogen release 
from residues rather high in nitrogen content. 
The total net nitrate accumulations, nitrogen additions 
(expressed as NO^ -). and recovery percentages are presented in 
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Table 66. Since most of the curves for the various leguminous 
additions approximated a straight line beyond the 50-day 
point, the cumulative net release and the percentage recovery 
of added nitrogen of a particular treatment were inversely 
related to the degree of nitrate immobilization. That is, a 
legume addition exhibiting a relatively large amount of 
nitrate immobilization as measured by intensity or time, 
would show a relatively low cumulative nitrate release over 
the 100-day period, and likewise a low percentage recovery of 
added nitrogen. 
As shown in Table 66, wide differences in total nitrate 
accumulation were found, ranging from -0.1 mgm. for coarsely 
ground Ladino clover roots to 34*5 mgm. per tube for the larg­
est particle size of Madrid sweetclover roots. Analysis of 
variance of the 100-day cumulative data (Table 67) showed the 
overall effect of treatments to be significant. A more de­
tailed analysis showed the tops vs. roots comparison to be 
significant, and the pooled effect of plant parts within the 
individual species to be highly significant. The effect of 
particle size within roots (within species) was highly sig­
nificant but no significant differences were noted between 
particle sizes for the tops. A plausible explanation for 
this finding was the greater variation in size obtained among 
the root samples (especially with sweetclover) than between 
the coarsely ground and finely ground tops. 
154 
Table 66. Cmnlative net nitrate production and. recovery of 
added legume nitrogen incubated with 100 gm. soil 
for 100 days 
Cumulative net ——————— 
nitrate release nitrogen Nitrogen Percentage 



































































































aNitrogen in organic matter additions expressed as 2?0y. 
C^alculated by dividing cumulative release by the nitro­
gen addition. 
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Eveil greater variation existed among the recovery per­
centages for the different treatments. Individual values 
varied from zero for coarse Ladino roots to 65 percent for 
coarsely ground sweetclover tops. There was no apparent 
relationship between the recovery percentage and the original 
nitrogen addition under the conditions encountered in this 
experiment. 
The results noted above are difficult to explain in 
light of generally accepted views regarding the decomposition 
of leguminous residues, although no critical information was 
found in the literature regarding the specific effect of 
particle size on decomposition. 
An important complicating influence which may have been 
operating in the experiment was fixation of ammonium by the 
vermiculite added in the leaching tubes. Hanway Oj-5)» how­
ever, found that the presence of vermiculite had no signifi­
cant effect on nitrate release from incubated soil samples 
and suggested that the ammonium produced from the ammonifica-
tion process is rapidly nitrified and thus rendered immune to 
fixation. Furthermore, the presence of exchangeable potassium 
in the soil would help prevent ammonium fixation even if am­
monia did accumulate. Potassium relationships would have 
been important only if there was intensive fixation of potas­
sium by the vermiculite at the immediate outset of the experi­
ment prior to ammonia production. 
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The general tendency for the nitrate release of tops to 
exceed that of the roots may have been due to a greater aver­
age nitrogen percentage of the tops, and to more rapid rehy­
dration of the tops than roots (especially in the coarsely 
ground materials) at the beginning of decomposition. Any 
satisfactory explanation must account for the fact that the 
major differences among the treatments existed only in the 
early stages of decomposition. In the coarse particle sizes, 
the amount of soil involved in decomposition processes in 
relation to the nitrogen addition was much less than with 
finely ground (60 mesh) material. This relationship of ef­
fective soil volume in relation to the nitrogen addition of 
each particle may be of importance since inorganic colloids 
(especially montmorillinitic types) have been shown to exert 
a protective effect or blocking action on the enzymatic de­
composition of proteins and their degradation products (5> 
3k-» 89). For example, Allison et al. (5) found the decomposi­
tion rate of plant residues to be less in sand plus clay than 
in sand alone. 
Thus, in the present study, it appeared reasonable that 
the potential blocking effect on microbial decomposition of 
proteins and/or their degradation products would be greater 
with finely subdivided material since a greater volume of 
soil colloids would be present in relation to the nitrogen 
addition. In the large particle sizes the volume of soil 
Table 67. Analysis of variance of net nitrate release data obtained at different periods of incuba­
tion from leguminous organic matter additions to soil 
Mean squares 
Source of 0-10 10-20 20-30 30-40 40-50 50-73 70-100 Cumulative 
variation D.F. days days days days days days days 100 days 
Total 56 
Replications 2 20.80 1.32 16.67 3.29 0.33 7.30 4.16 94.76 
Treatments 18 133.80** 28.76** 33.20** 9.70* 4.35 6.07 5.02 314.00** 
Species (s) 3 125.17* 67*61* 4.53 443.13 
Tops (T) vs. Roots (R)/S 4 157.84** 48.34 9.38* 483.29** 
T vs. R 1 287.18** 125.08 4.66 1,436.22* 
S x T vs. R 3 114.73* 22.75 10.95 165.65 
Particle size (PS)/T/S 4 116.98** 18.38 0.98 195.23 
PS/R/S 7 133.38** 18.28* 3.32 229.79** 
Error 36 12.20 9«44 11.06 4.76 3.24 3.28 2.97 76.87 
Reps x-S 6 24.78 8.96 5.72 146.99 
Reps x T vs. R/S 8 10.27 20.28 1.98 56.73 
Reps x T vs. R 2 2.32 14.95 O.65 30.76 
Rëps x S x T vs. R 6 12.92 22.06 2.42 65.38 
Reps x PS/T/S 8 13.77 15.09 2.70 116.41 
Reps x PS/R/S 14 7.01 4.38 3.22 35.75 
Coefficient of variation (#)a 30.8 29.1 23.1 18.8 15.4 10.4 10.5 
^Calculation included the contribution of the soil. 
^Exceeds the 5% level of significance. 
^'Exceeds the level of significance. 
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colloidal material intimately involved in the decomposition 
process in relation to the nitrogen addition would be much 
less, and thus the potential protective action on decomposi­
tion of nitrogenous compounds would be less. 
This explanation, although the most feasible one for the 
data at hand, might have proven inadequate had more variables 
been studied. For example, it would have been of interest to 
know the water soluble nitrogen content of the various legume 
tops and roots. Any explanation must account for the major 
differences among treatments existing only in the early stages 
of decomposition. Furthermore, although these results must be 
considered preliminary in nature, they suggest that additional 
studies should be carried out over longer periods of time and 
with materials of low nitrogen content. 
The statistical analysis presented in Table 75 showed 
that most of the differences among treatments with regard to 
the effect of species, plant parts and particle sizes were 
found to exist only in the early stages of decomposition. 
For example, in the detailed analysis for the0-10 day period, 
the effect of each attribute studied was either significant 
or highly significant. At the 20-30 day period of incubation, 
however, only two effects were significant, and at l}.0-50 days 
only the mean square for tops vs. roots within species was 
significant. This suggests the importance of making frequent 
determinations In the early stages of decomposition studies, 
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and also that the frequency of determination may be decreased 
with time throughout the experiment. The statistical analysis 
further suggested that the significant differences obtained 
in the analysis of the total net accumulation data after 100 
days incubation were basically due to differences that oc­
curred in the very early stages of microbial decomposition» 
In carrying cut the experiment, it was noted that the 
tubes became more difficult to leach with each successive 
leaching, suggesting that the experimental error might like­
wise increase throughout the experiment. As shown in Table 
75» however, both the error variance and in general the co­
efficient of variation decreased with each successive leach­
ing, which indicated that the method used was basically sound. 
The rather high coefficient of variation noted for the first 
three leaching periods indicated that in further studies a 
more desirable level of precision would be obtained if the 
number of replications were increased. 
Stubble Management of Green Manure See dings 
Since green manure seedings are often subject to severe 
weed infestations, an experiment was conducted at Ames in 
1957 to evaluate the effect of different stubble management 
or clipping treatments on the dry matter and nitrogen yields 
of legumes in the fall of the seeding year. In this experi-
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ment, a rather severe infestation of "broad-leaved and grassy 
weeds was encountered. 
The dry matter and nitrogen yields of clippings from five 
legumes removed on July 29 (early clip), August 21 (deferred 
clip) and from the combined early and deferred clipping treat­
ment are shown in Table 68. Extremely low diy matter yields 
were obtained at the first clipping date, ranging from 9 
pounds per acre for Ranger alfalfa to 13k- pounds for Madrid 
sweetclover. By the second date of harvest (deferred clip­
ping) yields were somewhat higher, but the dry matter yields 
of the alfalfas and Ladino clover were less than 100 pounds 
per acre, in contrast to a yield of nearly 800 pounds per 
acre for Madrid sweetclover. Analysis of variance revealed 
significant differences among legumes in dry matter and 
nitrogen yields within each harvest date. A combined analy­
sis shown in Table 68 indicated highly significant differences 
among legumes for both dry matter and nitrogen yields, -while 
the effect of cutting treatment was highly significant for 
dry matter and significant for nitrogen yield. The interac­
tion between cutting treatments and legumes was significant 
at the one-percent level, indicating a differential response 
to cutting by the different legumes. 
In each stubble management system, dry matter and nitro­
gen yields of African alfalfa exceeded those of Hanger. Ex­
cept for Madrid sweetclover, a combined early and deferred 
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Table 68. Dry matter and nitrogen yields of clippings accu­
mulated from five legumes prior to fall harvest 
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aYield from early and deferred clippings respectively. 
Exceeds the %fo level of significance. 
««•Exceeds the 1$ level of significance. 
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Table 69. Nitrogen percentage of tops and roots of five leg­
umes in the fall seeding year after being subjected 
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clipping system produced greater yields than where only a 
single clipping was used. 
The nitrogen percentages of legume tops and roots har­
vested October 5 are presented in Table 69. Analysis of vari­
ance (Table 70) indicated highly significant differences among 
cutting treatments and among legumes for both tops and roots, 
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Table 70• Analysis of variance of nitrogen percentage data 


































*sEzceeds the 1% level of significance. 
and the interaction between the two was likewise highly sig­
nificant in both cases. 
As was noted in the regular green manure experiments, 
the nitrogen percentage of tops exceeded that of the roots, 
with the exception of undipped sweetclover. The nitrogen 
percentage of the tops tended to increase in the cutting 
treatments, with the deferred clip management treatment gen­
erally resulting in the highest nitrogen percentages. ETo 
regular trends were noted in the influence of clipping on the 
nitrogen percentage of roots, except that clipping Madrid 
sweetclover reduced the nitrogen content in the roots. 
The fall dry matter and nitrogen yields of the five 
legumes subjected to different cutting treatments are pre­
sented in Table 71. As shorn in Table 72, analysis of varl-
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Table 71. Dry matter and nitrogen yields obtained in the fall 
of the seeding year from five legumes subjected to 
different stubble management treatments 
Management treat-
ment and legume 
Dry matter (lb./A.) Nitrogen (lb./A.) 
TOPS Roots Total Tops Roots Total 
No clip 
African alfalfa 624 
Ranger alfalfa 229 
Madrid sweetclover 2,516 
Kenland clover 1,386 
Ladino white clover 1,306 
Early clip 
African alfalfa 933 
Ranger alfalfa 656 
Madrid sweetclover 1,860 
Eenland red clover 2,708 










Ladino white clover 1,945 
Early and deferred clip 
African alfalfa 1,327 
Ranger alfalfa 720 
Madrid sweetclover 1,029 
Eenland red clover 2,249 
















































































ance revealed the effect of cutting treatments to be signifi­
cant only in the case of dry matter and nitrogen yields of 
the roots. Differences among legumes were highly significant, 
and the cutting treatments % legumes interaction was highly 
significant for all characteristics studied. In the "no clip" 
management treatment Madrid sweetclover excelled in terms of 
dry matter and nitrogen production, with total dry matter and 
Table 72. Analysis of variance of dry matter and nitrogen yield data of legumes 
sampled in the fall of the seeding year 
Mean squares ' 
Source of Dry matter yield Nitrogen yield ~ 
































6,335,957** 2,482,292** 10,905,604** 
995,193** 399,302** 2,567,055** 







«•Exceeds the level of significance. 
**Exceeds the lf0 level of significance. 
166 
Table 73» Stands of five legumes in the fall of 'the seeding 







Deferred Early and 
clip deferred clip 
African alfalfa 12.8 13.5 14.0 18.2 
Ranger alfalfa 10.0 17.8 19.0 19.5 
Madrid sweetclover 18.5 15.3 18.5 14.O 
Eenland red clover 30.5 28.2 ; 34.2 28.5 
Ladino white clover 46.2 43.8 1*4.8 40.8 
Analysis of variance 
Source of 























««•Exceeds the 1% level of significance. 
nitrogen yields approximating 4500 and 125 pounds per acre, 
respectively. As was the case in the Ames green manure study 
in 1957, yields of Ranger and African alfalfa were very low. 
Clipping increased the dry matter and nitrogen yields of the 
alfalfas, red clover and Ladino white clover, and decreased 
167 
the fall harvest yields of Madrid sweetclover. Of interest, 
however, was the fact that none of the clipping treatments 
completely eliminated sweetclover, as evidenced "by its mirtirrrum 
nitrogen yield approximating $0 pounds per acre in the de­
ferred system* 
The significant cutting treatment mean squares for dry 
matter and nitrogen yields of roots without corresponding 
significance for the tops indicated that clipping influenced 
root development to a relatively greater extent than top 
growth. This suggested the necessity of photosynthetic ac­
tivity for root growth and the renewal of top growth after 
imposing a clipping treatment partially at the expense of 
root reserves. 
The yield increases of the alfalfas, red clover, and 
Ladino clover obtained from stubble clipping probably were 
brought about through the removal of a heavy growth of broad-
leaved and grassy weeds. For example, on the "deferred clip" 
plots harvested August 21, the mean yield of stubble and 
weeds approximated five tons per acre on a fresh weight basis. 
In the undipped plots, Madrid sweetclover was the only spe­
cies generally to develop beyond the canopy of vegetation 
provided by the weed growth. 
The fall stands of the five legumes subjected to differ­
ent management treatments are shown in Table 73. As shown 
by analysis of variance, the effect of cutting treatments and 
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Table 74* Total seasonal dry matter and nitrogen yields of 
five legumes subjected to different cutting treat­
ments including summer clippings and fall yields 
Management treatment Tops (lb./A.) 
and legume 
Tops * roots (lb./A. ) 
Dry matter Nitrogen Dry matter Nitrogen 
No clip 
African alfalfa 624 
Banger alfalfa 229 
Madrid sweetclover 2,516 
Eenland red clover 1,386 
Ladino white clover 1,306 
Early clip 
African alfalfa 962 
Ranger alfalfa 665 
Madrid sweetclover 1,994 
Eenland red clover 2,76k 
Ladino white clover l,99o 
Deferred clip 
African alfalfa 1,197 
Banger alfalfa 782 
Madrid sweetclover 1,695 
Eenland red clover 2,448 
Ladino white clover 1,980 
Early and deferred clip 
African alfalfa 1,427 
Banger alfalfa 774 
Madrid sweetclover 1,367 
Eenland red clover 2,519 

























































the cutting treatments x legumes interaction was not signifi­
cant. Differences among legumes, however, were found to be 
highly significant. 
Since all legumes were seeded at approximately the same 
rate of 60 viable seeds per square foot, it was evident that 
the survival of red clover and Ladino white clover was some­
what higher than that of other legumes. Noteworthy was the 
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fact that clipping had relatively little influence on final 
stand counts of Madrid sweetclover although clipping did re­
duce yields, indicating that the yield reduction mainly was 
due to the lack of recovery of individual plants and not to 
a loss of stand. Also, it appeared that the yield increases 
obtained from clipping red clover and Ladino clover resulted 
from greater individual plant yields. 
The total combined dry matter and nitrogen production 
including clippings accumulated prior to fall harvest and 
the yields obtained at fall harvest is shown in Table 74» 
Analysis of variance (Table 75) showed no significant differ­
ences among cutting treatments, but highly significant dif­
ferences were found among legumes for dry matter and nitrogen 
yields of the tops and for total (tops plus roots) dry matter 
and nitrogen yields. The interaction between cutting treat­
ments and legumes was highly significant in each instance 
except for the combined nitrogen yield of the tops which was 
significant at the five percent level. 
Of interest in Table 74 was the fact that even when the 
dry matter and nitrogen contributions of the clippings re­
moved prior to fall harvest were added to the fall harvest 
yields, the combined dry matter and nitrogen yields of Madrid 
sweetclover were found to be lower than in the "no clip" 
treatment. That is, the dry matter and nitrogen contributions 
of the clippings accumulated prior to fall harvest failed to 
Table 75. Analysis of variance of combined clippings and fall harvest data of five 
legumes subjected to different cutting treatments 
Mean squares 
Source of Tops TOPS plus roots 
































•M-Exoeeds the 5$ level of significance. 
**Exceeds the vfo level of significance. 
171 
compensate for all the yield loss -which resulted from clipping 
sweetclover. 
As was noted in most other comparisons, dry matter and 
nitrogen yields of African alfalfa exceeded those of Ranger 
•under each system of management, but yields of both were 
greatly increased by clipping. 
The combined influence of removal of weed competition 
and accounting for the contribution of clippings was such 
that the total nitrogen yield of clipped red clover compared 
favorably with that of Madrid sweetclover in the "early clip" 
management system, and exceeded those of all other legumes 
in the other two management systems. As indicated in Table 
7k-* yields of the alfalfas and Ladino were also greatly in­
creased by removal of weed competition. 
In considering the results of this single experiment, it 
was evident that the removal of weed competition greatly in­
creased the dry matter and nitrogen yields of the alfalfas, 
red clover, and Ladino white clover. Dry matter and nitrogen 
yields of Madrid sweetclover were drastically reduced by 
summer clipping, although tiie lowest total nitrogen yield 
obtained approximated $0 pounds per acre. Willard (121), 
Hawk (lj.8), Burnett (20) and other workers also found clipping 
to materially decrease first year yields of biennial sweet­
clover. In the present study the. basic reason for the de-
literious effect of clipping on sweetclover was attributed 
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to the fact that crown buds do not develop until the second 
year. The first-year sweetclover plant is characterized by 
a single stem, with axillary buds the only source of re growth 
following clipping. 
Since a legume green manure is usually a mixture of two 
or more legumes, critical data is needed to compare the effect 
of various stubble management practices on the relative per­
formance of legumes grown alone and in association, with 
particular eaphasis on competitive relationships. 
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DISCUSSION 
The findings of this study on the dry matter and nitrogen 
yields of legumes and legume associations in the fall of the 
seeding year re affina the value of biennial sweetclover as a 
green manure. Except at Kanawha in 1955 where all plots were 
clipped, dry matter and nitrogen yields of Madrid sweetclover 
exceeded those of all other legumes either grown alone or of 
the various associations. Furthermore, Madrid sweetclover was 
found to possess strong competitive ability when grown in 
association with other legumes, since it was generally the 
major contributor of dry matter and nitrogen. 
Madrid sweetclover total dry matter yields varied from 
4100 to 7400 pounds per acre of which about one-half was in 
the roots. Nitrogen yields ranged from 111 to 188 pounds per 
acre of which slightly more than half was found In the roots. 
These results are in agreement with those of Willard 0122) 
who obtained total nitrogen yields for biennial sweetclover 
approximating 135 pounds per acre, and with those of Fribourg 
(36). Biennial sweetclover outyielded two annual strains, 
Israel and Hub am, but yields of Israel were superior to those 
of Hub am in 1956 and 1957 tests. Willard (122), Amy and 
McGinn!s (10), Fribourg (36) and others found biennial sweet­
clover superior to Hub am. 
Although a wide variation in the performance of the 
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Southern alfalfas was found (from 1% to ll|6 pounds per acre 
of total nitrogen) over the various experiments, it appeared 
that the non-hardy varieties exhibited greater potential 
green manuring value than did the hardy variety, Banger. 
This greater potential was attributed to a greater growth 
rate of the non-hardy varieties during late summer and fall. 
Red clover yields of dry matter and nitrogen were always 
inferior to those of alfalfa except in the 1957 test at Ames. 
The actual yields obtained in this study were very similar to 
those reported by Willard (122) in Ohio and by Fribourg in 
Iowa (36). 
Generally yields of Ladino white clover were less than 
those of all other legumes or legume associations, ranging 
from 13 to 63 pounds per acre. This finding was not in ac­
cordance with those of Fribourg (36). In 1951 this worker 
obtained total nitrogen yields approximating 86 pounds per 
acre at Ames and 107 pounds at Kanawha. In 1952 a total 
nitrogen yield of 82j_ pounds per acre was obtained at both 
locations. Available soil moisture was considered important 
in explaining the difference between the yields obtained by 
Fribourg (36) and those obtained in the present study. The 
growing season in 1951 was cool and moist and although the 
1952 season was somewhat drier, conditions were much more 
favorable for growth of Ladino white clover than during 1955» 
1956, or 1957• In considering the results of both investiga­
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tions, it appeared that Ladino white clover was affected more 
by changes in available soil moisture than was any other leg­
ume. 
Perhaps more striking than the yield differences among 
legumes grown alone were the competitive relationships that 
existed within the legume associations. The method used to 
evaluate these competitive effects was not unique in that 
other methods could have been used. Since total dry matter 
and nitrogen yield represents the interaction of the many 
factors contributing to yield, it was considered feasible to 
use total dry matter data in the evaluation of competitive 
relationships. Had individual comparisons been tested using 
stand data, or individual plant weights different results 
probably would have been obtained, but they would have been 
less meaningful. 
In general, the most competitive legume was Madrid sweet-
clover. "Whenever this legume was grown in association with 
other legumes, it contributed a major portion of the total 
dry matter yield. Although no data were obtained, light in­
tensity and soil moisture were considered the two important 
factors contributing to the relatively low yields of red 
clover and Ladino white clover grown in association with 
Madrid sweetclover. In all cases, except where tiie plots 
were clipped at Kanawha in 1955» the large sweet clover plants 
provided a great deal of shading. 
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Further evidence of the strong competitive ability of 
Madrid sweetclover and the concomitant lack of competitive 
ability of Ladino white clover was shown by the nature of 
development of individual Ladino clover plants. Plants sam­
pled from pure seedings of Ladino were generally characterized 
by considerable stolon development and rooting at the nodes* 
The degree of such development varied somewhat due to location 
and year. The Ladino clover plants grown with sweetclover or 
alfalfa generally were characterized by very little or no 
stolon development. 
Also of importance in the evaluation of competitive ef­
fects was the ability of the more vigorous legumes to often 
compensate and sometimes overccmpensate for the loss in yield 
of the associated legume. This overcompensating effect, how­
ever, was never strong enough that the yield of the stronger 
legume in association equalled its yield when grown alone. In 
the present study, overcompensating effects were always due to 
the presence of sweetclover or alfalfa. Similar competitive 
relationships between red clover and weeds were reported by 
Torrie and Hanson (106). The lack of evidence for mutually 
beneficial or antagonistic associations agreed with the find-
o 
ings of Aberg et al. (1). 
The results of the stubble management experiment conducted 
at Ames in 1957 revealed that dry matter and nitrogen yields 
of the alfalfas, red clover and Ladino white clover were 
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increased by clipping while dry matter and nitrogen yields of 
Madrid sweetclover were decreased. The delitérions effects 
of clipping have been known for some time. Millard (121, 123) 
concluded that sweetclover should never be clipped during the 
seeding year unless the stand is in danger of loss by weed 
competition. Eater work by Hawk (i|8) in Washington and 
Burnett (20) in Iowa conflined Willard1 s findings. The re­
sults of the present study were similar to those obtained by 
Fribourg (36) in Northwest Iowa in 1952 where two replications 
of a green manure study were clipped by mistake. As in the 
present study, the dry matter and nitrogen yields of sweet­
clover were drastically reduced, and the nitrogen percentage 
of the roots likewise decreased. Mowing increased the dry 
matter and nitrogen yields of alfalfa, red clover and Ladino 
clover, with Ladino clover being the most affected. 
The results of the stubble management study further in­
dicated that clipping would greatly alter the competitive re­
lationships within legume associations. Under this manage­
ment system the yielding and competitive ability of biennial 
sweetclover probably would be decreased and the relative com­
petitive ability of the other legumes would increase. Some 
evidence for this trend was noted at Kanawha in 1955 where 
all plots were clipped soon after grain harvest. However, 
further work is needed to determine the exact effect of clip­
ping on the dry matter and nitrogen yields of legumes grown 
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alone and in association and to evaluate the influence of 
clipping on the competitive relationships existing within 
legume associations. The effects of clipping have an impor­
tant "bearing on the practical aspects of recommending green 
manure mixtures to farmers, since adequate weed control 
generally necessitates clipping of the new seeding. Such a 
practice then raises a question on the amount of sweetclover 
to be used in green manure seedings, assuming that a mixture 
of legumes has certain advantages over pure seedings, and 
further assuming that stubble clipping will be used for weed 
control. With more biennial sweetclover in the sward, a 
greater potential loss would be expected from clipping, al­
though evidence from the clipping study suggests that the 
contribution of other legumes in the mixture would tend to 
compensate for this loss to a great extent. This is only 
conjecture, since no data were obtained relative to the ef­
fects of clipping legume associations. 
Another deterrent to the use of biennial sweetclover is 
the necessity of controlling the sweetclover weevil (Sitona 
cylindricollis). Although this pest is quite easily con­
trolled by a one-half pound per acre application of Dieldrin 
or Heptachlor, the application of the insecticide usually 
involves an additional operation at seeding time. In addi­
tion, the cost of pest control must be included in the over­
all costs of producing legume nitrogen» 
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Under the assumption of effective sweetclover weevil 
control and a stubble clipping for weed control the following 
green manure seeding is recommended for the Eastern one -half 
of Iowa: four pounds of biennial sweetclover per acre, three 
pounds of Southern, non-hardy alfalfa, three pounds of medium 
red clover, and one-half to one pound of Ladino white clover. 
For the Western half of the state the following mixture is 
recommended: five pounds of biennial sweetclover per acre, 
four pounds of Southern alfalfa and three pounds of medium 
red clover. Ladino clover was deleted from the suggested 
mixture for Western Iowa because of its lack of drought tol­
erance and because of its small dry matter and nitrogen con­
tribution when grown with more vigorous legumes. 
The second overall objective of the study was to compare 
the corn yield response obtained from various green manures 
with that produced by inorganic nitrogen fertilizer. In 
arriving at critical conclusions relating to the comparative 
value of legume and fertilizer nitrogen certain difficulties 
or limitations were encountered. 
First, the nitrogen contribution estimated for any par­
ticular green manure treatment did not represent the true 
difference in nitrogen status between that treatment and the 
check (no legume) or fertilizer (blank plots in the seeding 
year) treatments since the amount of non-legume nitrogen from 
weeds and volunteer oats was greater on the check and fer-
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tilizer plots than on the legume plots . In addition, the 
individual green manure treatments would be expected to vary 
in their quantities of non-legume nitrogen. In the present 
study no data of a critical nature were obtained relative to 
the non-legume nitrogen status of the various treatments. 
However, in August, 1955 at Ames some preliminary data were 
obtained on the yield of legumes and weeds after harvest of 
the oats companion crop. The yield of weeds (predominately 
broad-leaved) ranged from 1650 to 2370 pounds per acre among 
the 19 green manure treatments and the mean yield for the 
check (no legume) plots was 3085 pounds per acre. Analysis 
of variance of the data revealed significant differences 
among the treatments. Thus, the results of this single 
experiment and those of Torrie and Hanson (106) who found 
legume and weed yields to be negatively correlated suggest 
that there is a non-uniform distribution of non-legume nitro­
gen among the various green manure treatments. Furthermore, 
it is apparent that the check or blank plots may have non-
legume nitrogen contributions considerably greater than any 
of the green manure treatments. 
A second complication arising in the comparison of legume 
and fertilizer nitrogen is the fact that the net amount of 
nitrogen added by the legumes through symbiotic fixation was 
not known. Also there is the problem of nodule senility and 
loss, and of possible nitrogen secretion. 
181 
In the sampling procedure utilized throughout the study 
all of the roots were not recovered, especially in the case 
of Ladino white clover. Even though care was taken to obtain 
all roots, it was physically impossible to do so. 
Another important factor present in the addition of 
green manure nitrogen is the so-called "kerosene effect" 
whereby the addition of readily decomposable organic material 
hastens the decomposition of the native soil organic matter 
(17, 18, 1|4). The extent to which this phenomenon was oper­
ating was, of course, unknown, and it may have acted dif­
ferentially over the various treatments. 
Also of great importance in the crop response from 
leguminous nitrogen additions is the use of available soil 
moisture in the growth of the legumes. The relative response 
of the first-year com crop at Kanawha in 1956 to green manure 
and inorganic nitrogen suggested that soil moisture usage by 
the legumes was an important factor in subsequent corn yields. 
The soil moisture measurements made at Kanawha in 1957 revealed 
a . differential use of moisture over the soil depths sampled, 
and suggested a greater total use of available soil moisture 
by Madrid sweetclover in comparison with other legumes. 
In considering the relative response from green manure 
and inorganic nitrogen, the extent to which the growth of 
legumes affects the physical characteristics of the soil is 
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usually unknown. In the short duration of the present study 
it is probable that aggregation, infiltration or percolation 
were not significantly affected by the legume treatments. 
However, as shown by Meyers and Meyers (75) in. Kansas, and 
by van Bavel and Schaller (110) in Iowa, over long periods of 
time legumes may influence yields through promotion of favor­
able physical conditions in addition to their effects on the 
nitrogen status of the soil. 
Another, important difficulty arising in an attempt to 
compare the relative effectiveness of legume and fertilizer 
nitrogen was the fact that there was no control over the 
amount of growth of each legume or legume association. What­
ever yield was obtained had to be used for the green manure 
nitrogen value. 
In general, it may be stated that the plant response to 
a given nutrient is made up of a summation of all the direct 
and indirect effects of the added nutrient. From the above 
discussion it is evident that the use of legume nitrogen 
involved the action and interaction of more indirect effects, 
or confounding factors that did the addition of Inorganic 
nitrogen fertilizer. Each of these confounding factors is 
involved in the response from legume nitrogen relative to 
that from inorganic nitrogen. 
Even in light of the above complicating factors it was 
evident that the nitrogen contained in legume green manures 
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was less efficient than inorganic ^fertilizer nitrogen for 
increasing corn production. Significant yield responses were 
obtained in most instances following green manure nitrogen 
additions* The relative yield responses obtained from legume 
and fertilizer nitrogen were similar to those found by 
Fribourg (36), Kroont je and Kehr (61) and others in that a 
pound of inorganic nitrogen was wor?tia more than a pound of 
legume nitrogen for increasing yiel-is of following crops. In 
the present study, rather hig& yieUA responses usually were 
obtained following the growth of lesgumes, and the legumes 
were found to differ in their corn producing value. For 
instance, Ladino white clover generally produced the lowest 
nitrogen contributions and the lowest corn yields. In the 
work of Fribourg (36), Ladino clove# was found to excel in 
increasing corn yields, but much la-rger amounts of nitrogen 
were contributed by this legume in Fribourg1 s work than in 
the present study. 
The inorganic nitrogen equivalents estimated for the 
various green manure treatments in teach corn response test 
varied greatly, as did the ratios oJ the inorganic nitrogen 
equivalent to the nitrogen addition for the various treat­
ments. Although these ratios should not be considered as 
estimates of efficiency, they do yield some information about 
the effectiveness of the various treatments in relation to 
the original nitrogen addition. The estimation of inorganic 
1% 
nitrogen equivalents for the various green manures was not 
considered as a critical evaluation of legume nitrogen, but 
this procedure did place a mathematical value on the effec­
tiveness of a certain green manure relative to inorganic 
nitrogen. 
Although, no critical evaluation of residual nitrogen 
could be made, it was evident that the residual value of 
green manure nitrogen was somewhat greater than that of in­
organic fertilizer nitrogen. Mean inorganic nitrogen equiva­
lents approximating 60 and 68 pounds per acre were obtained. 
This contention agrees with the general concept of a greater 
residual value of legume nitrogen relative to that of inor­
ganic nitrogen, and with the concept of potential carry-over 
being inversely related to uptake the first year. In the 
present study large carry-over effects were noted from inor­
ganic nitrogen. Soil moisture availability in the year of 
application was assumed to be an important causal factor. 
Several workers (31, 81, 88, lllj.) have shown considerable 
carry-over response from inorganic nitrogen, and "White (lllj.) 
has shown that most residual nitrogen was in the nitrate form 
in Iowa experiments. 
Calculation of the availability ratios of legume and 
fertilizer nitrogen probably resulted in a more critical com­
parison of the two nitrogen sources than was obtained from 
the use of grain yield or the estimated inorganic nitrogen 
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equivalents. Two limitations were evident in the use of this 
method. First, the nitrogen percentage of corn leaves, al­
though found by various workers (7> 13, 60, 109) to be a good 
index of nitrogen availability, is a less critical measurement 
of nitrogen availability than nitrogen yield. In the present 
study, however, nitrogen yield data was not obtained for the 
response crop. A second factor limiting the application of 
this method is the fact that nitrogen percentage data may 
sometime s show a curvalinear instead of linear relationship 
with the nitrogen additions. Bennett et al, (13) and Fribourg 
(36) both showed this to be true in some instances. However, 
in the present study the use of this method did reveal a 
greater efficiency for inorganic nitrogen as determined by 
foliar analysis. In three tests the availability ratio of 
inorganic to green manure nitrogen varied from 2.06 to 6.00, 
with a mean of 3.7. 
Even though grain yield data, the estimation of inorganic 
nitrogen equivalents and the calculation of availability 
ratios indicated a greater relative efficiency of inorganic 
nitrogen, it was noted from regression analysis that legume 
nitrogen contributed a positive effect on corn yields not 
accounted for in field and laboratory procedures. The magni­
tude of this positive influence was not considered important, 
but the fact that such an effect was present was of interest. 
The relationship between corn leaf nitrogen and grain 
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yield noted in the present study was similar to that found by 
other workers. Tyner (107) found that for each increase of 
0.1 percent nitrogen in the coin leaf there was an approximate 
li.«5 bushel yield increase. Over several experiments in Iowa, 
Bennett et al. (13) obtained a 3*2 bushel yield increase for 
each 0.1 percent increase in leaf nitrogen. Fribourg (36) 
obtained a four to six bushel response for each 0.1 percent 
increase in leaf nitrogen percentage. In the present study 
in 1957 a yield response ranging from five to eight bushels 
was obtained. Although somewhat higher than the responses 
found by the above workers, the present findings agreed well 
with those of Andharia et al. (7) who found yield increases 
approximating seven bushels per acre for each 0.1 percent 
increase in corn leaf nitrogen percentage. 
Of interest in the present study was the fact that 
nitrogen source did not significantly influence the relation­
ship between leaf nitrogen percentage and grain yield, i.e., 
a given increase in leaf nitrogen percentage resulted in 
approximately the same yield increase whether the nitrogen 
was from a green manure or inorganic source. This was in 
agreement with the results of numerous experiments in Horth 
Carolina employing inorganic nitrogen (79) where it was con­
cluded that the source of nitrogen was of little signifi­
cance, provided the nitrogen was available to the corn crop 
prior to pollination. 
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The economic aspects of using legumes solely as nitrogen 
sources were discussed by Fribourg (36). It should be further 
emphasized that the difference in value between a higjh. profit 
com crop and a low profit oats crop must be included in the 
costs of legume nitrogen, since a corn crop is sacrificed in 
the production of the legume nitrogen. 
The findings of the laboratory experiment pertaining to 
the influence of species, plant parts and particle sizes on 
nitrate release from leguminous residues were contrary to 
existing opinions, especially with regard to particle size* 
However, no studies were reported in the literature regarding 
the specific effect of particle size on decomposition. Al­
though these results were considered entirely preliminary in 
nature, it was evident that generally residue of the larger 
particle size underwent less immobilization than did the 
finer ground material. A clay mineral-nitrogen interaction 
was suggested as a possible explanation for this phenomenon, 
but if other variables had been studied, perhaps this explana­
tion would have proven faulty. 
Of special interest in this experiment was the tendency 
for the variables studied to significantly influence decompo­
sition only during the early stages. This suggests the im­
portance of making frequent observations during the early 
stages of decomposition experiments, and likewise indicates 
that less frequent de terminât! ons would be needed in the 
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later stages of decomposition. 
These preliminary results suggest two lines of further 
work. First, it would be desirable to determine the influ­
ence of particle size on decomposition of low-nitrogen resi­
dues such as corn stalks or straw. Practical considerations 
would indicate that particle size must be of importance in 
immobilization of nitrogen in residues of low nitrogen con­
tent. 
A second line of research would involve determining the 
influence of particle size of added organic materials on the 
decomposition of native soil organic matter. Stable isotope 
tracer techniques could be used to measure the nitrogen re­
leased from the added residue and that from the soil organic 
matter. Also, further work is needed to substantiate the 
findings of the present study regarding decomposition of 
leguminous residues. 
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SUMMARY AED- CONCLUSIONS 
An investigation was carried out at two locations in the 
Clarion-Webster soil association area from 1955 through 1957. 
Major objectives were to measure fall dry matter and nitrogen 
yields of legumes grown alone and in association and to com­
pare following corn yield responses with those produced by an 
inorganic nitrogen source. An additional field experiment was 
initiated to evaluate the influence of stubble clipping treat­
ments on dry matter and nitrogen yields obtained from five 
legumes in the fall of the seeding year. A study was conduct­
ed in the laboratory to measure the influence of species, 
plant parts and particle sizes on nitrate release from legu­
minous residues. 
Results from the five green manure experiments reaffirmed 
the value of biennial sweetclover as a green manure. Madrid 
sweetclover yields generally exceeded those of all other leg­
umes and legume associations. Total nitrogen yields varied 
from 111 to 188 pounds per acre of which approximately one-
half was in the roots. Total nitrogen yields of non-hardy 
alfalfa ranged from 15 to lij.6 pounds per acre, while those of 
the hardy variety, Hanger, varied from 11$. to 103 pounds per 
acre. Characteristic top/root ratios for alfalfa were on the 
order of 1*5» Due to growth differences in late summer and 
fall the non-hardy alfalfas were considered to possess greater 
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potential green manuring value than would be expected from 
hardy varieties. Total nitrogen yields of red clover varied 
from 2l{. to 82 pounds per acre of which about one-fourth was 
found in the roots. Total nitrogen yields of Ladino white 
clover, ranging from 13 to 63 pounds per acre, were generally 
lower than those of other legumes grown alone and of the 
various legume associations. The top/root ratio of Ladino 
white clover for nitrogen yield was on the order of six. 
Preliminary experiments conducted in 1956 and 1957 re­
vealed a greater green manuring value of Israel sweetclover 
than for another annual strain, Hub am, but both were Inferior 
to biennial sweetclover in yielding ability. 
In each of the five experiments, excellent stands of all 
legumes were obtained early in the season, but stands were 
reduced at the time of fall harvest. In 1955 and 1956 fall 
stands in excess of 30 plants per square foot were noted for 
the non-hardy alfalfas, but stands of Hanger were somewhat 
less. Stand levels of Madrid sweetclover varied from lij. to 
20 plants per square foot. Medium red clover and Ladino 
white clover stands ranged from 13 to 36 plants per square 
foot over the five experiments. 
None of the legume associations yielded as well as did 
Madrid sweetclover grown alone except at Kanawha in 1955» but 
in some instances the difference was not statistically sig­
nificant. Undipped Madrid sweetclover exerted profound 
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competitive effects upon associated legumes. In some cases 
this legume contributed nearly all the dry matter and nitro­
gen production of the association in which it was included, 
and was generally the major component in legume associations. 
Generally no legume association was greatly superior to 
any other association containing the same number of com­
ponents. Associations containing Madrid sweetclover, how­
ever, generally outyielded associations not containing this 
legume. No particular advantage was noted for the four-
component associations since their yield was generally less 
than that of two or three-component associations. 
The nitrogen percentage of legume tops exceeded that of 
roots except in the case of Madrid sweetclover. 
A statistical evaluation of competitive relationships 
within two-component associations indicated that although in 
some instances an increase in the yield of one legume would 
overcompensate for a loss suffered by the associated legume 
relative to their half-yields when grown alone, the general 
relationship was of a compensating nature. Little evidence 
was found for the existence of mutually beneficial or an­
tagonistic associations. In these evaluations, Madrid sweet­
clover and the alfalfas were considered as strong competitors 
and red clover and Ladino white clover were found to lack 
competitive ability. Because of its lack of drought tolerance 
and competitive ability, Ladino clover was not recommended 
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for green manuring purposes in the Western one-half of Iowa* 
Results of the stubble management study at Ames in 1957 
suggested that clipping green manure seedings would greatly 
alter the competitive relationships in associations contain­
ing biennial sweetclover. Nitrogen yield of this legume was 
drastically reduced by clipping, but yields of the alfalfas, 
red clover, and Ladino white clover were increased by clip­
ping. Gutting treatments were found to affect root yields 
as well as those of above-ground portions. The nitrogen 
percentage of both tops and roots was significantly influ­
enced by cutting treatment and genotype and the legumes were 
found to respond differentially to cutting. 
Significant com yield responses from green manure and 
inorganic nitrogen were found in each corn response test. 
Strong residual effects were noted in second-year experiments 
for both nitrogen source s. In general, higher yields were 
obtained from 75 or 100 pounds of inorganic nitrogen per acre 
than were produced by most legume green manures. Corn yields 
following Madrid sweetclover were higher than those following 
most legume green manures. Medium red clover and Ladino 
white clover produced the lowest corn yield responses. 
Estimation of the inorganic nitrogen equivalent for each 
green manure treatment evaluated in the corn response tests 
revealed wide differences among green manures in their value 
in terms of fertilizer nitrogen. In each test there was also 
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a great deal of variation in the value of individual green 
manures in relation to their original nitrogen contributions. 
In first-year corn evaluations at Kanawha in 1956 and 1957 
the mean inorganic nitrogen equivalent for 19 green manure 
seedings was 17 and 50 pounds per acre, respectively. Avail­
able soil moisture was assumed to greatly influence yield 
responses at Kanawha in 1956. In second-year residual evalu­
ations at Ames and Kanawha in 1957, mean inorganic nitrogen 
equivalents approximating 68 and 60 pounds per acre, respec­
tively, were found, suggesting a greater residual value of 
legume nitrogen. 
The availability ratio of inorganic and green manure 
nitrogen calculated from concurrent regression analysis of 
leaf nitrogen data from three corn response tests in 1957 
varied from 2.06 to 6.00 in favor of inorganic nitrogen. 
Nitrogen source did not significantly Influence the relation­
ship between grain yield and corn leaf nitrogen percentage. 
All correlations involving inorganic nitrogen were higher 
than were those calculated from green manure nitrogen data. 
Regression of leaf nitrogen percentage on nitrogen addi­
tion in the 1957 com response tests revealed a positive 
effect on following crops from green manure nitrogen that was 
not accounted for in field and laboratory procedures used to 
estimate the total nitrogen yields of the various legumes. 
The magnitude of this nitrogen contribution varied from 50 
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to approximately 25>0 pounds per acre in three tests. Various 
factors which may Influence the response from legume nitrogen 
were enumerated. 
In a laboratory experiment, genotypes, plant parts, and 
particle sizes were found to influence nitrate production frcan 
leguminous residues in soil. Greater release was obtained 
from tops than from roots. Immobilization of nitrate nitrogen 
was generally less intense and occurred for a shorter period 
of time with coarsely grown materials than with the fine 
particle size. A nitrogen-clay mineral interaction was sug­
gested as a possible explanation for this phenomenon. Re­
covery of added nitrogen ranged from zero to 65 percent with 
the coarse particle size exceeding the finer ground materials. 
Statistical analysis of the nitra,te release data from differ­
ent stages of decomposition indicated that the differences 
among the treatments occurred only in the early stages of 
decomposition. This suggested that frequent observations 
should be made during the early stages of decomposition 
experiments. 
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